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S U M M A R Y
V a r io u s  m ethods  o f  p ro m o tin g  Raney N ic k e l  i n  h y d ro ­
g e n a t i o n  r e a c t i o n s  have b e e n  d e s c r i b e d  i n  th e  l i t e r a t u r e . 
C o n f in in g  a t t e n t i o n  t o  t h e  r e d u c t i o n  o f  th e  c a rb o n y l  g ro u p ,  
t h e s e  m ethods have b e e n  compared and  a more e f f e c t i v e  method 
o f  p ro m o t io n  h a s  b e e n  d e v e lo p e d  i n  w h ich  th e  c a t a l y s t  i s  
p l a t i n i s e d  w i t h  a  t r i e t h y l a m i n e  c h l o r o p l a t i n i c  a c i d  complex 
and  t h e n  t r e a t e d  w i t h  sodium  h y d ro x id e  . E x p e r im e n ta l  ob­
s e r v a t i o n s  i n d i c a t e  t h a t  th e  a c t i o n  o f  sodium  h y d ro x id e  i n  
t h e  p ro m o t io n  o f  t h e  h y d r o g e n a t io n  may be i n t e r p r e t e d  as 
overcom ing  a  r e t a r d a t i o n  c a u se d  by  t h e  a l c o h o l i c  p r o d u c t s  
o f  t h e  r e a c t i o n .
2I N T R O D U C T  I O N
A p r e r e q u i s i t e  o f  ch em ica l  r e a c t i o n  a t  a s u r f a c e  i s  th e  
a d s o r p t i o n  o f  th e  r e a c t i n g  s p e c i e s .  Two ty p e s  o f  a d s o r p ­
t i o n  o c c u r  ( 1 ) : -
( a )  p h y s i c a l  a d s o r p t i o n  w h ich  i s  r e l a t i v e l y  weak; th e  
f o r c e s  c o r re s p o n d in g  to  t h o s e  assum ed i n  th e  Van d e r  W a a l’s 
e q u a t i o n  o f  s t a t e  o f  g a s e s ,  p l a y  o n ly  a m inor p a r t  i n  co n ­
n e c t i o n  w i th  s u r f a c e  r e a c t i o n s  s in c e  th e y  a r e  n o t  s u f f i c ­
i e n t l y  s t r o n g  t o  i n f l u e n c e  a p p r e c i a b l y  th e  r e a c t i v i t y  o f  
t h e  a d s o rb e d  m o le c u le s .
( b ) c h e m is o r p t io n  w hich  i s  a s s o c i a t e d  w i th  th e  fo rm a­
t i o n  o f  v a le n c e  bonds  b e tw een  t h e  s u r f a c e  and th e  a d so rb e d  
m o le c u le .  I n  s u r f a c e  r e a c t i o n s  a t  l e a s t  one o f  t h e  r e a c t i n g  
s p e c i e s  m ust be ch e m iso rb e d .
The f o r m a t io n  o f  v a le n c e  bonds i s  a f f e c t e d  by  two 
p r o p e r t i e s  o f  th e  c a t a l y s t : -  ( a )  t h e  g eom etry  o f  i t s  s u r ­
f a c e  and  (b) i t s  e l e c t r o n i c  c o n f i g u r a t i o n  ( 2 ) .  The e f f e c t  
o f  t h e  geom etry  o f  th e  s u r f a c e  was shown i n  th e  h y d ro g e n a ­
t i o n  o f  e th y le n e  u s in g  o r i e n t e d  n i c k e l  f i l m s  w h ich  expose 
t h e  110 p l a n e s  p r e f e r e n t i a l l y .  Such f i l m s  were found  to  be 
f i v e  t im e s  more a c t i v e  th a n  n o n - o r i e n t e d  f i l m s  ( 3 ) .  The 
e l e c t r o n i c  f a c t o r  i s ,  ho w ev er ,  th e  more im p o r ta n t  s in c e
3r e a c t i o n  can  o c c u r  when t h e  g e o m e t r ic  f a c t o r  i s  u n f a v o u r a b le ,  
e . g .  t h e  h y d r o g e n a t io n  o f  benzene  o c c u rs  on i r o n  f i l m s  t o  
p ro d u c e  c y c lo h e x a n e  w h i le  m e ta l s  su ch  as  s i l v e r  and  cadmium 
w i t h  a  f a v o u r a b le  g e o m e tr ic  f a c t o r  f o r  t h i s  r e a c t i o n  a r e  i n ­
a c t i v e  .
Dowden ( 4 , 5 ) ,  and  D i l k e ,  M axted and E le y  ( 6 ) ,  have s u g ­
g e s t e d  t h a t  t h e  h ig h  c a t a l y t i c  a c t i v i t y  o f  th e  t r a n s i t i o n  
m e ta l s  c o u ld  be  e x p la in e d  i f  c h e m is o r p t io n  in v o lv e d  th e  
m e ta l  d -b a n d .  N o n - t r a n s i t i o n  m e ta l s  w ould  be r e l a t i v e l y  
i n a c t i v e  b e c a u s e  t h e r e  a r e  no d -b an d  v a c a n c ie s  th ro u g h  w hich  
c o v a le n c y  c o u ld  t a k e  p l a c e .  A number o f  i n v e s t i g a t i o n s  have 
p ro d u c e d  e v id e n c e  f o r  t h i s  ( 7 , 8 , 9 ) .  Dowden ( 5 ) ,  i n  a 
t h e o r e t i c a l  t r e a t m e n t  s u g g e s t s  t h a t  th e  r e a l  bonds  form ed 
i n  c h e m is o r p t io n  a re  i n t e r m e d i a t e  b e tw een  th e  two ex trem e 
t y p e s  o f  i o n i c  and  c o v a le n t  b o n d s .  I n  i o n i c  b in d i n g  a 
t r a n s f e r  o f  e l e c t r o n s  t o  o r  from  th e  m e ta l  c a t a l y s t  y i e l d s  
a  s u b s t r a t e  i o n  h e l d  t o  th e  s u r f a c e  by image f o r c e s .  Co­
v a l e n t  b i n d i n g  i s  r e g a r d e d  as  a d o n a t io n  o f  e l e c t r o n s  t o  t h e  
u n f i l l e d  d - o r b i t a l s  o f  th e  m e ta l  s u r f a c e .  The a c t i v i t y  of 
t h e  c a t a l y s t  i s  r e l a t e d  by him t o  th e  e l e c t r o n  e x i t  work 
f u n c t i o n .  When th e  r a t e - c o n t r o l l i n g  s t e p  o f  a c a t a l y t i c  
r e a c t i o n  in v o lv e s  d o n a t io n  o f  an  e l e c t r o n  t o  th e  c a t a l y s t  
t h e n  i n  a  s e r i e s  o f  c a t a l y s t s  th e  a c t i v i t y  i n c r e a s e s  w i th  
i n c r e a s i n g  e l e c t r o n  e x i t  work f u n c t i o n .  The a c t i v i t y
4i n c r e a s e s  w i t h  d e c r e a s in g  work f u n c t i o n  when the r a t e -  
c o n t r o l l i n g  s te p  i n v o lv e s  t r a n s f e r  o f  a n  e l e c t r o n  from  th e  
s u r f a c e .  E x p e r im e n ta l  c o n f i r m a t io n  o f  h i s  t h e o r i e s  was 
o b t a i n e d  ( 8 ) ,  Dowden s u g g e s t s  t h a t  a d d i t i o n  o f  s t r o n g l y  
e l e c t r o p o s i t i v e  s u b s ta n c e s  t o  a c a t a l y s t ,  by  lo w e r in g  th e  
w ork  f u n c t i o n ,  p o i s o n s  r e a c t i o n s  w h ich  p ro c e e d  v i a  a p o s ­
i t i v e  i o n  a t  th e  s lo w e s t  s te p  and p ro m o tes  r e a c t i o n s  w hich  
p r o c e e d  v i a  a  n e g a t iv e  i o n .  The e f f e c t  i s  r e v e r s e d  w i th  
e l e c t r o n e g a t i v e  a d d i t i v e s .  Beyond a  c e r t a i n  r a n g e  o f  work 
f u n c t i o n ,  s u r f a c e s  w hich  c a t a l y s e  r e a c t i o n s  in v o lv in g  c o ­
v a l e n t l y  bonded  i n t e r m e d i a t e s  w i l l  be p o is o n e d  by  e l e c t r o ­
p o s i t i v e  and  e l e c t r o n e g a t i v e  c o n ta m in a n ts .
Moore and  Selwood ( 9 ) ,  have shown t h a t  changes  i n  th e  
s p e c i f i c  m a g n e t i s a t i o n  o f  n i c k e l  o ccu r  s im u l t a n e o u s ly  w i th  
c h e m is o r p t io n  due t o  a change i n  th e  d e n s i t y  o f  u n p a i r e d  
e l e c t r o n s  i n  th e  d -b a n d .  When h y d ro g e n  was c h em iso rb ed  by 
a  n i c k e l - s i l i c a  c a t a l y s t ,  th e  s p e c i f i c  m a g n e t i s a t i o n  d e ­
c r e a s e d  i n d i c a t i n g  t h a t  e l e c t r o n  t r a n s f e r  from  h y d ro g en  t o  
n i c k e l  o c c u r r e d .  They s u g g e s t  t h a t  th e  e q u i l i b r i a  f o r  
h y d ro g e n  a d s o rb e d  on n i c k e l  may be r e p r e s e n t e d  t h u s : -
H Q
u 2
2H < — 2H° < t  » 2H*, t h e  d i r e c t i o n  o f  t r a n s f e r  o f
e l e c t r o n s  d ep en d in g  on t h e  p a r t i c l e  s i z e  o f  th e  c a t a l y s t .  
The d e c r e a s e  i n  m a g n e t i s a t i o n  n o rm a lly  o b s e rv e d  on chem i-
5s o r p t i o n  o f  h y d ro g e n  may h e  c a u se d  by th e  f o r m a t io n  o f  roue 
pro tor.fi a s  h y d ro g e n  atoms d o n a te  t h e i r  e l e c t r o n s  t o  th e  
n i c k e l  s u r f a c e  o r  a s  th e  e l e c t r o n s  o f  t h e  c o v a le n t  Ni-H bond 
a r e  more s t r o n g l y  a t t r a c t e d  t o  t h e  n i c k e l  a tom . B ut s in c e  
i n d i v i d u a l  n i c k e l  atom s a r e  e l e c t r o n  donors  and  v e ry  s m a l l  
p a r t i c l e s  r e se m b le  th e  i n d i v i d u a l  a tom , a new mechanism may 
o p e r a t e  f o r  t h e s e  s m a l l  p a r t i c l e s .  They may te n d  t o  h o ld  
e l e c t r o n s  more l o o s e l y  th a n  does  h y d ro g e n  and i n  an  ex trem e 
c a se  a  h y d r id e  i o n  may be  fo rm ed .
F o r  a  c o n s id e r a b l e  tim e t h e r e  h as  b e e n  c o n t r o v e r s y  
a b o u t  th e  e x i s t e n c e  o f  " a c t i v e  s i t e s "  on a c a t a l y s t  s u r f a c e .  
T hese  s i t e s  w ere  p o s t u l a t e d  by T a y lo r  ( 1 0 ) ,  t o  e x p l a i n  th e  
s i n t e r i n g  o f  c a t a l y s t s ,  t h e  e f f e c t  o f  sm a l l  am ounts o f  p o i s o n ,  
and th e  v a r i a t i o n  o f  th e  h e a t  o f  a d s o r p t i o n  w i t h  s u r f a c e  
c o v e ra g e .  The w ork o f  Maxted ( 1 1 ) ,  on th e  p o i s o n in g  o f  
p l a t i n u m  c a t a l y s t s ,  a t h e o r e t i c a l  t r e a t m e n t  o f  h i s  r e s u l t s  
b y  H e r in g to n  and  R id e a l  ( 1 2 ) ,  and th e  s t u d i e s  o f  Beeck  e t  
a l .  ( 3 ) ,  on th e  p r o p e r t i e s  o f  e v a p o r a te d  m e ta l  f i l m s  s u g ­
g e s t e d ,  h o w ev e r ,  t h a t  c a t a l y t i c  phenomena m igh t be i n t e r p r e t e d  
i n  te rm s  o f  t h e  p r o p e r t i e s  o f  a s e t  o f  u n ifo rm  s i t e s  on p la n e  
f a c e s  o f  c r y s t a l l i n e  m a t e r i a l s .  B o u d a r t  ( 1 3 ) ,  h a s  now 
e x p l a i n e d  t h e  phenomenon o f  " a c t i v e  c e n t r e s "  by s u g g e s t in g  
t h a t  when a d s o r p t i o n  on a u n i fo rm  s u r f a c e  o c c u r s ,  a doub le  
l a y e r  i s  s e t  up w h ich  m o d i f i e s  th e  e l e c t r o n  e x i t  work
6f u n c t i o n  so t h a t  t h e r e  i s  a f a l l  i n  th e  h e a t  o f  a d s o r p t i o n  
w i t h  s u r f a c e  c o v e ra g e .  E x p e r im e n ta l  e v id e n c e  o f  t h e  change 
i n  work f u n c t i o n  w i th  a d s o r p t i o n  h as  "been o b ta in e d  by  B aker  
and  R id e a l  ( 1 4 ) .  B o u d a r t  c o n s id e r s  t h a t  h e t e r o g e n e i t y  i s  
in d u c e d  on a  c l e a n  s u r f a c e  by  a d s o r p t i o n  o f  r e a c t a n t s ,  p r o ­
d u c t s ,  p o i s o n s  and p ro m o te r s  w hich  r a d i c a l l y  m od ify  th e  
a d s o r b in g  p r o p e r t i e s  o f  th e  o r i g i n a l  b a r e  s u r f a c e .  The 
s u r f a c e  th u s  a c q u i r e s  optimum o r  a c t i v e  s i t e s  f o r  a p a r t i c u ­
l a r  r e a c t i o n .  C a t a l y s i s  by a c o n d u c t in g  s u r f a c e  i s  t h e r e ­
f o r e  a c o - o p e r a t i v e  phenomenon in v o lv in g  the  w hole s u r f a c e  
e v e n  i f  o n ly  a s m a l l  f r a c t i o n  o f  i t  i s  a c t i v e  a t  any t im e .
As y e t  t h e r e  a r e  no g e n e r a l l y  a c c e p te d  r e a c t i o n  m echan­
ism s i n  h e te ro g e n e o u s  c a t a l y s i s .  One o f  th e  m ost w id e ly  
s t u d i e d  r e a c t i o n s  i s  th e  h y d r o g e n a t io n  o f  e t h y l e n e .  I t  i s  
g e n e r a l l y  assum ed t h a t  c h e m is o r p t io n  o f  e th y l e n e  on th e  s u r ­
f a c e  o f  t r a n s i t i o n  m e ta l s  o c c u rs  by  a n  a s s o c i a t i v e  mechanism 
i n  w h ich  th e  d o u b le  bond i s  opened and  two c a rb o n -m e ta l  bonds 
a r e  fo rm ed  ( 1 5 ) .  T h is  may be r e p r e s e n t e d  i n  t h e  f o l lo w in g  
w a y : -
0 2H4 (g )  ----------> CH2 - CH2 ,
th e  a s t e r i s k s  i n d i c a t i n g  th e  bonds t o  th e  m e t a l .  The a d d i ­
t i o n  o f  h y d ro g e n  t o  e th y l e n e  h a s  b e e n  shown t o  p ro c e e d  i n  
two s t a g e s ,  th e  f i r s t  o f  w h ich  i s  t h e  p r o d u c t io n  o f  th e  
wh a l f - h y d r o g e n a t e d  s t a t e w h i c h  i n  t h i s  c a s e  i s  an a d s o rb e d
7e t h y l  r a d i c a l  ( 1 6 ,1 7 ) .  S in c e  th e  p a r a -h y d r o g e n  c o n v e r s io n  
o v e r  n i c k e l  i s  i n h i b i t e d  by th e  p r e s e n c e  o f  e th y le n e  ( 1 8 ) ,  
i n d i c a t i n g  t h a t  th e  c o n c e n t r a t i o n  o f  a d s o rb e d  h y d ro g en  i s  
v e r y  s m a l l ,  Twigg and  R id e a l  ( 1 9 ) ,  s u g g e s te d  th e  f o l lo w in g  
m echanism  o f  h y d r o g e n a t io n  o v e r  n i c k e l  c a t a l y s t
X X X X
HgC -  GHg + H2 ------ > CH2-  GH2 + H  ► H3G“GH3
I
i n  w h ic h  ch em iso rb ed  e th y l e n e  r e a c t s  w i t h  p h y s i c a l l y  a d ­
s o rb e d  h y d ro g e n .  L a t e r  Twigg ( 1 7 ) ,  s u g g e s te d  t h a t  th e  ad ­
s o rb e d  h y d ro g e n  atom form ed i n  th e  f i r s t  s t a g e  o f  t h i s  r e ­
a c t i o n  u n d e rg o e s  r a p i d  r e a c t i o n  w i t h  a n o th e r  ch em iso rb ed  
e t h y l e n e  m o le c u le ,  th e  n e t  r e s u l t  b e i n g : -
x x  x
2 H0C - CHc + H_------► 2 H„C - GHnd C* | C* C*II
X
2 H„C - CHQ + H0------> 2 CH~ - CH*3 2 12 3 3
R e c e n t ly  J e n k in s  and  R id e a l  ( 2 0 ) ,  have p r e s e n t e d  e v i ­
dence w h ich  i n d i c a t e s  t h a t  a s s o c i a t i v e  a d s o r p t i o n ” o f  e t h y ­
l e n e  does  n o t  o c c u r  on a n i c k e l  s u r f a c e ;  on th e  c o n t r a r y  
e th y le n e  on c h e m is o r p t io n  i s  d i s s o c i a t e d  t o  an  a c e t y l e n i c  
complex and ch e m iso rb e d  h y d ro g e n .  The f i n a l  s t r u c t u r e  on 
a d m is s io n  o f  t h e  two g a s e s  t o  a n i c k e l  s u r f a c e  i s  some 80$ 
c o v e ra g e  by a c e t y l e n i c  co m plexes ,  10$ by  c h em iso rb ed  h y d ro g en  
( i . e .  h y d ro g en  a tom s)  and 10$ by m o le c u la r  h y d ro g e n .  Sub-
8s e q u e n t  h y d r o g e n a t io n  o f  e th y le n e  p ro c e e d s  by r e a c t i o n  o f
g a se o u s  e th y le n e  w i th  c h em iso rb ed  h y d ro g e n ,  i . e . ,  
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CgH^ *■ 2H ------» ^2^6* Such a  m echanism , how ever,  does n o t
a c c o u n t  f o r  t h e  i n h i b i t i o n  o f  th e  p -h y d ro g e n  c o n v e r s io n .
Bond ( 7 3 ) ,  i n  a more r e c e n t  s tu d y  o f  t h e  d e u t e r a t i o n  o f  
e t h y l e n e  o ver  v a r i o u s  ty p e s  o f  p la t in u m  c a t a l y s t ,  h a s  i n t e r ­
p r e t e d  t h e  r e s u l t s  i n  te rm s  o f  th e  a s s o c i a t i v e  mechanism of  
a d s o r p t i o n  o f  e t h y l e n e .  F la n a g a n  and  R a b in o v i tc h  ( 7 4 ) .  
s t u d y in g  i s o m e r i s a t i o n  and exchange r e a c t i o n s  o f  t r a n s -  
e th y le n e - d g  o v e r  a n i c k e l  c a t a l y s t ,  found  t h a t  m echanisms 
w h ich  p r o c e e d  v i a  an  a d s o rb e d  e t h y l  r a d i c a l ,  w ere  c o n s i s t e n t  
w i t h  t h e i r  e x p e r im e n ta l  r e s u l t s  b u t  t h e y  w ere u n a b le  t o  d i s ­
t i n g u i s h  th e  v a l i d i t y  o f  th e  a s s o c i a t i v e  m echanism from  t h a t  
o f  t h e  J e n k in s - R i d e a l  m echanism .
L i t t l e  i s  known ab o u t  t h e  mechanism o f  c a t a l y t i c  h y d ro ­
g e n a t i o n  o f  c a rb o n y l  compounds a p a r t  f rom  th e  f a c t  t h a t  a t  
room te m p e r a tu r e  th e  r e a c t i o n  o c c u r s  by a d d i t i o n  o f  hydrogen  
t o  th e  k e to  form  w h i le  a t  e l e v a t e d  te m p e r a tu r e s  t h e  a d d i t i o n  
i s  m a in ly  t o  th e  e n o l  fo rm . E v id en ce  f o r  t h i s  was o b ta in e d  
b y  F a rk a s  and F a rk a s  ( 2 1 ) ,  i n  a s tu d y  o f  th e  h y d r o g e n a t io n  
o f  a c e to n e  and i s o p r o p y l  a l c o h o l  on p l a t i n i s e d  p la t in u m  
f o i l ;  by  A nderson  and  MacNaughton ( 2 2 ) ,  i n  a  s tu d y  o f  th e  
d e u t e r a t i o n  o f  c a rb o n y l  compounds o v er  Adams’ p la t in u m  ox ide  
c a t a l y s t ,  Raney N ic k e l  and co p p er  c h r o m i te ;  and  by Freedman
9and  T u r k e v ic h  ( 2 3 ) ,  who i n v e s t i g a t e d  th e  c a t a l y t i c  r e d u c t i o n  
o f  a c e to n e  w i t h  d e u te r iu m  o v er  i r o n  p ro m o ted  p la t in u m  on 
c h a r c o a l  and o v er  Adams 1 p la t in u m  o x ide  c a t a l y s t .
I n  th e  h y d r o g e n a t io n  o f  c a rb o n y l  compounds, Raney N ic k e l  
c a t a l y s t  i s  f r e q u e n t l y  u s e d .  The c a t a l y s t  i s  p r e p a r e d  by 
l e a c h i n g  a lum in ium  from  a N i-A l a l l o y  w i t h  sodium  h y d r o x id e .  
S in c e  i t s  d i s c o v e r y  ( 2 4 ) ,  m ethods o f  p r e p a r i n g  th e  c a t a l y s t  
o f  v a r i o u s  g r a d e s  o f  a c t i v i t y  have  b e e n  p u b l i s h e d  ( 2 5 ,2 6 ,2 7 ) .  
The c a t a l y s t  i s  a c t i v e  i n  t h e  h y d r o g e n a t io n  o f  a lk y n e  and 
a lk e n e  l i n k a g e s ,  a ld e h y d e s  and k e to n e s ,  n i t r o  compounds,
i
n i t r i t e s ,  o x im es ,  and  b e n z e n o id  and  p y r i n o i d  n u c l e i  ( 2 7 ) .
I t  h a s  b e e n  u s e d  i n  o x i d a t i o n - r e d u c t i o n  r e a c t i o n s  ( 2 8 ,2 9 ) ,  
and  f o r  d e h a lo g e n a t io n  ( 3 0 ) ,  and d e s u l p h u r a t i o n  ( 3 1 ) ,  o f  
o r g a n ic  compounds.
T a y lo r  and W eiss ( 3 2 ) ,  have  shown by X -ra y  e x a m in a t io n  
t h a t  th e  l e a c h i n g  o f  aluminum from  th e  N i-A l a l l o y  c r e a t e s  
d e f e c t  l a t t i c e s  o f  n i c k e l  w hich  p o s s e s s  a v e r y  l a r g e ,  h i g h l y  
u n s a t u r a t e d  s u r f a c e  a t  w hich e l e c t r o n  t r a n s f e r  p r o c e s s e s  
s h o u ld  be  c o n s id e r a b l y  e n h an ced .  I p a t i e f f  and P in e s  (3 3 ) ,  
s u g g e s te d  from  a n a l y s i s  o f  t h e  c a t a l y s t  t h a t  t h e  r e s i d u a l  
a lum in ium  i s  p r e s e n t  a s  th e  o x id e  and t h a t  Raney N ic k e l  i s  
e s s e n t i a l l y  a n i c k e l  c a t a l y s t  p ro m o ted  by  a lu m in a .  W att 
and P a r k e r  ( 3 4 ) ,  h ow ever ,  showed t h a t  m ost o f  t h e  r e s i d u a l  
a lum inium  o f  th e  c a t a l y s t  i s  i n  th e  m e t a l l i c  s t a t e ,  a s  had
10
b e e n  i n d i c a t e d  by T a y lo r  and W e is s .  S m ith  e t  a l  ( 3 5 ) ,  found  
t h a t  t h e  h y d ro g e n  c o n te n t  o f  th e  c a t a l y s t  v a r i e d  b e tw e e n  
one h a l f  and one atom o f  h y d ro g en  p e r  atom o f  n i c k e l  and  t h a t  
t h e  a c t i v i t y  was p r o p o r t i o n a l  t o  th e  h y d ro g en  c o n t e n t ,  th e  
s u r f a c e  a r e a  d e c r e a s i n g  w i th  l o s s  o f  h y d ro g e n .  They p u t  
f o rw a rd  th e  c o n c e p t  t h a t  Raney N ic k e l  c a t a l y s t  i s  a fo rm  of 
n i c k e l  p ro m o ted  w i th  a d s o rb e d  h y d ro g e n .  P r e i d l i n  and 
Z im inova  ( 3 6 ) ,  fo u n d  t h a t  th e  amount o f  h y d ro g en  a d s o rb e d  on 
Raney N ic k e l  was a p p ro x im a te ly  100 m l . / g .  and  t h a t  o n ly  w i th  
rem oval o f  t h e  l a s t  1 -2  m l . d id  th e  a c t i v i t y  of t h e  c a t a l y s t  
v a n i s h .  The a g e in g  o f  Raney N ic k e l  w h ich  h as  b e e n  a s s o c i a t e d  
w i t h  t h e  l o s s  o f  h y d ro g e n ,  i s  a t t r i b u t e d  by P a t t i s o n  and 
D e g e r in g  ( 3 7 ) ,  t o  r e a c t i o n  o f  a d s o rb e d  h y d ro g en  w i t h  oxygen 
t o  fo rm  w a t e r ,  o r  to  th e  d i s p la c e m e n t  o f  h y d ro g en  from  th e  
s u r f a c e  b y  th e  r e a c t i o n  o f  oxygen w i th  th e  n i c k e l  c a t a l y s t .
I n  h y d r o g e n a t io n  r e a c t i o n s ,  Raney N ic k e l  c a t a l y s t  h as  
b e e n  p ro m o te d  by v a r i o u s  a d d i t i v e s  o f  w hich p la t in u m  and 
c e r t a i n  b a s e s  have b e e n  found t o  be p a r t i c u l a r l y  e f f e c t i v e .
I n  t h e  h y d r o g e n a t io n  o f  k e to n e s ,  D e le p in e  and H oreau (3 8 ) ,  
p ro m o ted  th e  c a t a l y s t  by a d d i t i o n  o f  p la t in u m  ( v i a  a s o l u ­
t i o n  o f  sodium  c h l o r o p l a t i n a t e ) and sodium  h y d r o x id e .  O ther  
n o b le  m e t a l s ,  nam ely Pd, Ru, Rh, Os and I r ,  w ere e f f e c t i v e .  
L i e b e r  e t  a l  ( 3 9 ) ,  i n  a  s tu d y  o f  t h e  h y d r o g e n a t io n  o f  c a rb o n y l  
compounds and a r o m a t ic  n i t r o  compounds o b t a in e d  p ro m o tio n
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f o r  n i t r o  compounds and r e t a r d a t i o n  f o r  c a rb o n y l  compounds 
by  th e  a d d i t i o n  o f  p l a t i n i c  c h l o r i d e  t o  Raney N ic k e l , a n d  p r o ­
m o t io n  f o r  c a rb o n y l  compounds and r e t a r d a t i o n  f o r  n i t r o  
compounds by  t h e  a d d i t i o n  o f  sodium  h y d r o x id e .  P a ty  ( 4 0 ) ,  
s u c c e s s f u l l y  a p p l i e d  p ro m o t io n  w i t h  sodium h y d ro x id e  t o  
c y a n o - ,  n i t r o - ,  and  e t h y l e n i c  d e r i v a t i v e s .  Decombe ( 4 2 ) ,  
fo u n d  t h a t  d i f f i c u l t  r e d u c t i o n s  w ere a c h ie v e d  r e a d i l y  w i th  
p l a t i n i s e d  Raney N ic k e l .
The e f f e c t  t h a t  p ro m o t io n  by sodium  h y d ro x id e  c o u ld  
have  on t h e  p r o d u c t  o f  h y d r o g e n a t io n  was shown b y  P l u c h a i r e  
and  Cham bret ( 4 1 ) .  They o b ta in e d  PhChgCHgNHg i n  51% 
y i e l d  and (FhCHgCHg)gNH i n  38% y i e l d  i n  t h e  r e d u c t i o n  o f  
PhCHgCN w i t h  Raney N ic k e l .  P ro m o tio n  o f  th e  c a t a l y s t  w i t h  
sodium h y d ro x id e  y i e l d e d  90% o f  PhChgCHgNHg*
I n  1 9 4 6 , H eilm ann e t  a l  ( 4 3 ) ,  compared th e  p ro m o t io n  
m ethods o f  L i e b e r  and o f  D e le p in e  and  fo u n d  t h a t  th e  D e le p in e  
m ethod was more e f f e c t i v e  i n  th e  h y d r o g e n a t io n  o f  n i t r o -  
g u a n i d i n e ,  m e th y l  e t h y l  k e to n e  and a l a r g e  number o f  u n ­
s p e c i f i e d  k e t o n e s .  I n  1949 , J .  W. S k e l l y  ( 4 4 ) ,  u s in g  
A d k in s ’ W-4 Raney N ic k e l  c a t a l y s t  ( 2 6 ) ,  c o n f irm e d  th e  s u p e r ­
i o r i t y  o f  th e  D e le p in e  m ethod i n  th e  h y d r o g e n a t io n  o f  m e th y l  
e t h y l  k e to n e .  The w ork r e p o r t e d  i n  t h i s  t h e s i s  h as  i t s  
o r i g i n  i n  S k e l l y ’s r e p o r t .
When A dkins and B i l l i c a  ( 2 7 ) ,  d e m o n s t r a te d  t h a t  t r i -
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e th y la m in e  i s  an  e f f e c t i v e  p ro m o te r  o f  Raney N ic k e l  c a t a l y s t ,  
L i e b e r  e t  a l . ( 4 5 ) ,  s u c c e s s f u l l y  combined th e  e f f e c t s  o f  
p l a t i n i c  c h l o r i d e  and t r i e t h y l a m i n e  i n  th e  h y d r o g e n a t io n  o f  
n i t ro c o m p o u n d s ,  n i t r i l e s ,  a ld e h y d e s  and k e to n e s  o v e r  Raney 
N ic k e l .  They c la im e d  t h a t  t h i s  m ethod o f  p ro m o t io n  i s  th e  
m ost e f f i c i e n t  a v a i l a b l e .
An e x t e n s iv e  s tu d y  o f  th e  h y d r o g e n a t io n  o f  n i t r o  com­
pounds  u s in g  Raney N ic k e l  t r e a t e d  w i t h  c h l o r o p l a t i n i c  a c i d  
and  a l k a l i  h a s  b e e n  p u b l i s h e d  by  Sam uelson  e t  a l .  ( 4 6 ) .
T h e i r  r e s u l t s  i n d i c a t e d  t h a t  p la t in u m  a c t s  as  a t r u e  p ro m o te r  
w h i l e  e x c e p t  f o r  a number o f  n i t r o - a l k a n e s  a d d i t i o n  of 
a l k a l i  r e t a r d s  th e  h y d r o g e n a t io n .
I n  t h i s  f i r s t  s e c t i o n  o f  t h i s  t h e s i s ,  a  s y s t e m a t i c  
s tu d y  o f  th e  p ro m o t io n  o f  Raney N ic k e l  i n  th e  c a t a l y t i c  
h y d r o g e n a t io n  o f  k e to n e s  i s  r e p o r t e d  w i t h  w ork d e s ig n e d  t o  
g iv e  some i n s i g h t  i n t o  th e  m echanism  o f  su c h  p ro m o t io n .
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G E N E R A L
P r e p a r a t i o n  o f  M a t e r i a l s .
E x c e p t  f o r  th e  c y c lo p e n ta n o n e s , a l l  th e  k e to n e s  u se d  
i n  th e  s tu d y  o f  t h e  p ro m o tio n  o f  Raney N ic k e l  w ere o b ta in e d  
c o m m e rc ia l ly .  They were t r e a t e d  w i t h  Raney N ic k e l  c a t a l y s t  
p r i o r  t o  d i s t i l l a t i o n  i n  o r d e r  t o  remove c a t a l y s t  p o i s o n s .  
C y c lo p e n ta n o n e  was p r e p a r e d  by  p y r o l y s i s  o f  a d i p i c  a c i d ;
4
-  3 -m e th y lc y c lo p e n ta n o n e  was p r e p a r e d  b y  o x i d a t i o n  o f
+
4 - m e th y lc y c lo h e x a n o l  t o  -  (3 - m e th y la d ip i c  a c i d  w h ich  was 
t h e n  p y r o ly s e d  t o  t h e  c y c l i c  k e to n e ;  - 2 -m e th y lc y c lo p e n ta n o n e  
was p r e p a r e d  b y  r e a c t i o n  o f  m e th y l  i o d id e  w i th  2 - s o d i o c a r b -  
e th o x y -c y c lo p e n ta n o n e  (from  d i e t h y l  a d i p a t e  by  th e  Dieckmann 
r e a c t i o n ) ,  f o l lo w e d  by h y d r o l y s i s ;  2 :2 -d im e th y lc y c lo p e n ta n o n e  
was p r e p a r e d  by r e a c t i n g  m e th y l  i o d id e  w i th  -  2 - m e th y lc y c lo ­
p e n ta n o n e  i n  th e  p r e s e n c e  o f  so d am id e .
The Raney N ic k e l  c a t a l y s t  u se d  i n  th e  p ro m o t io n  s t u d i e s  
was o f  hW-4m g r a d e ,  ( 2 6 ) ,  p r e p a r e d  by r a p i d  l e a c h i n g  o f  
n ic k e l - a lu m in iu m  a l l o y  a t  5 0 ° .
P r e l i m i n a r y  e x p e r im e n ts  on th e  h y d r o g e n a t io n  o f  a c e to n e  and 
m e th y l  e t h y l  k e to n e  o v er  Raney N ic k e l  c a t a l y s t .
P r e l i m i n a r y  e x p e r im e n ts  w ere  u n d e r ta k e n  i n  o rd e r
(a )  t o  f i n d  a s u i t a b l e  h y d r o g e n a t io n  s o l v e n t ;
(b ) t o  f i n d  p ro m o te r s  o f  th e  h y d r o g e n a t io n ;
( c )  t o  e s t a b l i s h  th e  v a r i a b l e s  i n  th e  r e a c t i o n .
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H y d ro g e n a t io n s  were e f f e c t e d  a t  a tm o s p h e r ic  p r e s s u r e ,  
t h e  r a t e  o f  h y d ro g en  u p ta k e  b e in g  f o l lo w e d  w i t h  a gas  b u r e t t e :  
and  a t  45 p . s . i .  d i f f e r e n t i a l  p r e s s u r e  th e  r a t e  o f  f a l l  i n  
p r e s s u r e  b e in g  fo l lo w e d  w i th  a B ourdon gau g e .
A s tu d y  o f  th e  r a t e  o f  h y d r o g e n a t io n  o f  a c e to n e  i n  th e  
f o l l o w in g  s o l v e n t s  -  m e th a n o l ,  e t h a n o l ,  w a te r  and  d io x a n  - 
i n d i c a t e d  t h a t  th e  f a s t e s t  r a t e  o f  h y d r o g e n a t io n  was o b ta in e d  
w i t h  m e th a n o l  an d  e t h a n o l .  M oreover t h e s e  two s o lv e n t s  gave 
t h e  b e s t  p ro m o t io n  e f f e c t  when sodium  h y d ro x id e  was ad d ed ,  
w h i le  r e t a r d a t i o n  was o b ta in e d  when sodium h y d ro x id e  was 
add ed  t o  t h e  h y d r o g e n a t io n  sy s tem  w i th  d io x a n  as  s o lv e n t  
( e x p e r im e n ta l  p .  A-3 ) .
T ra c e s  o f  oxygen added  t o  t h e  h y d r o g e n a t io n  system  o f  
Raney N i c k e l ,  a c e to n e  and e t h a n o l  r e s u l t e d  i n  a  r e t a r d a t i o n  
o f  h y d r o g e n a t io n  ( e x p e r im e n ta l  p .  A-A- ) .
The r a t e s  o f  h y d r o g e n a t io n  a t  a tm o s p h e r ic  p r e s s u r e  and 
a t  45 p . s . i .  d i f f e r e n t i a l  p r e s s u r e  w ere fo u n d  t o  v a r y  d i r e c t l y  
w i th  th e  amount o f  c a t a l y s t  i n  th e  r a n g e  0 .5  g .  -  3 .0  g .  
( e x p e r im e n ta l  p .  A-*>7); th e  t im e  o f  h y d r o g e n a t io n  was found  
t o  d e c r e a s e  w i th  i n c r e a s e  i n  th e  i n i t i a l  h y d ro g en  p r e s s u r e ;  
t h e  r a t e  o f  h y d r o g e n a t io n  was fo u n d  to  be in d e p e n d e n t  o f  th e  
i n i t i a l  h y d ro g en  p r e s s u r e  over  th e  ra n g e  20 - 45 p . s . i .  d i f ­
f e r e n t i a l  p r e s s u r e  ( e x p e r im e n ta l  p .  u-z ) .
A s tu d y  o f  th e  a g e in g  o f  Raney N ic k e l  showed t h a t  t h e r e
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was a  c o n s id e r a b l e  d e c r e a s e  i n  th e  a c t i v i t y  o f  th e  c a t a l y s t  
w i t h  t im e  ( e x p e r im e n ta l  p .  4-8 ) .  A d d i t io n  o f  sodium h y d ro x id e  
t o  th e  c a t a l y s t  was fo u n d  to  overcome th e  a g e in g  e f f e c t  to  a 
c o n s id e r a b l e  e x t e n t  s in c e  th e  l o s s  i n  a c t i v i t y  o f  t h e  p rom oted  
c a t a l y s t  was a p p r e c i a b l y  s m a l l e r .
The p ro m o t io n  e f f e c t  o f  c e r t a i n  o rg a n ic  b a s e s  was i n v e s t i ­
g a t e d  u s in g  Raney N ic k e l  and  p l a t i n i s e d  Raney N ic k e l  ( e x p e r i ­
m e n ta l  p .  so  ) .  I t  was fo u n d  t h a t  t r im e th y la m in e  and  t r i -  
e th y la m in e  p ro m o ted  th e  h y d r o g e n a t io n  o f  m e th y l  e t h y l  k e to n e  
w h i le  t r i e t h a n o l  a m in e , m o rp h o l in e  and  t r i b e n z y la m in e  r e t a r d e d  
t h e  r e a c t i o n .  T e t r a e t h y l  ammonium h y d ro x id e  gave a p r o ­
m o t io n  e f f e c t  a lm o s t  e q u i v a l e n t  t o  t h a t  o f  sodium  h y d ro x id e .  
T r im e th y l  b e n z y l  ammonium h y d ro x id e  c a u se d  r e t a r d a t i o n  o f  
th e  r e a c t i o n  w h ich  was found  t o  be due t o  h y d r o g e n o ly s i s  o f  
t h e  h y d ro x id e  t o  to lu e n e  and t r i m e t h y l a m i n e , r e t a r d a t i o n  
b e i n g  c a u se d  b y  th e  t o lu e n e  ( e x p e r im e n ta l  p .  s’! ) .  S i m i l ­
a r l y  N -m e th y lp y r id in iu m  h y d ro x id e  was h y d ro g e n a te d  t o  a h ig h -  
b o i l i n g  b a s e  w h ich  was p ro b a b ly  1 :1 ^ -d im e th y 1 - 4 - d i p i p e r i d y l  
( e x p e r im e n ta l  p .  s"3 ) .
P ro m o tio n  o f  t h e  h y d r o g e n a t io n  o f  k e to n e s  o v e r  Raney N ic k e l  
c a t a l y s t .
I n  com paring  v a r i o u s  m ethods o f  p ro m o tio n  o f  Raney N ic k e l  
i n  th e  h y d r o g e n a t io n  o f  k e to n e s  a t  a tm o s p h e r ic  p r e s s u r e ,  th e  
s t a n d a r d  scheme a d o p te d  was th e  d e t e r m in a t i o n  o f  th e  tim e  o f  
h y d r o g e n a t io n  o f  0 .0 1  g .  m o le ,  o f  k e to n e  i n  e th a n o l  o v er
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0 .5  g .  o f  Raney N ic k e l .  The c a t a l y s t  system s s t u d i e d  w e r e : -
( a )  Raney N ic k e l .
( b ) Raney N ic k e l  * sodium h y d r o x id e .
( c )  Raney N ic k e l  + t r i e t h y 1 a m in e .
(d )  P l a t i n i s e d  Raney N ic k e l  + sodium h y d ro x id e
(D e le p in e  !s t e c h n iq u e  ( 3 8 ) ) .
( e )  P l a t i n i s e d  Raney N ic k e l  + sodium h y d ro x id e  +
t r i e t h y l a m i n e .
( f )  Raney N ic k e l  + t r i e t h y l a m i n e  4 c h l o r o p l a t i n i c  a c i d .
( L i e b e r ' s  t e c h n iq u e  ( 4 5 ) ) .
(g )  Raney N ic k e l  + t r i e t h y l a m i n e  + c h l o r o p l a t i n i c  a c i d
+ sodium h y d ro x id e .
The system s ( a ) ,  ( d ) ,  ( f )  and  (g) w ere a l s o  s t u d i e d  i n  
h y d r o g e n a t io n s  a t  45 p . s . i .  d i f f e r e n t i a l  h y d ro g en  p r e s s u r e  
u s in g  3 g .  o f  c a t a l y s t  and  0 .0 5  g .  m o le ,  o f  k e to n e .
The t h e o r e t i c a l  amount o f  h y d ro g en  was t a k e n  up i n  a lm o s t  
e v e ry  c a s e ;  t h e  e x c e p t io n s  a r e  g iv e n  i n  th e  t a b l e s  w hich  
f o l l o w .  I n  no c a s e  i n v e s t i g a t e d  d i d  r e a c t i o n  o c c u r  a t  
45 p . s . i .  h y d ro g e n  p r e s s u r e  and n o t  a t  a tm o s p h e r ic  p r e s s u r e .  
However, th e  e l e v a t e d  p r e s s u r e  e n a b le d  th e  r e a c t i o n  t o  p ro c e e d  
t o  c o m p le t io n  i n  a  much s h o r t e r  t im e  as  was p a r t i c u l a r l y  
n o t i c e a b l e  w i t h  th e  h i g h e r  k e t o n e s .  I n  e v e ry  case  th e  p r o ­
d u c t  o f  h y d r o g e n a t io n  was th e  c o r r e s p o n d in g  a l c o h o l .  The 
a r o m a t ic  k e to n e s  w ere  n o t  h y d ro g e n o ly se d  to  t h e  h y d ro c a rb o n .
B ecau se  o f  th e  a g e in g  e f f e c t  on th e  c a t a l y t i c  a c t i v i t y  
o f  Raney N ic k e l  (page 1 4 ) ,  a l l  h y d r o g e n a t io n s  w ere c a r r i e d
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o u t w i t h i n  a t im e  i n t e r v a l  o f  t h r e e  to  t e n  days  a f t e r  p r e p a r a ­
t i o n  o f  a b a t c h  o f  c a t a l y s t ,  and w henever p o s s i b l e  a l l  com­
p a r a t i v e  e x p e r im e n ts  on th e  a c t i v i t y  o f  th e  v a r io u s  p rom oted  
c a t a l y s t s  i n  th e  h y d r o g e n a t io n  o f  a p a r t i c u l a r  k e to n e ,  were 
c a r r i e d  o u t  on th e  same d a y .  The h y d r o g e n a t io n s  w ere done 
i n  d u p l i c a t e  and  th e  t im e s  o f  h y d r o g e n a t io n  w ere r e p r o d u c i b l e  
t o  w i t h i n  5%. The p ro m o tio n  o f  Raney N ic k e l  was s t u d i e d  i n  
t h e  h y d r o g e n a t io n  o f  a s e r i e s  o f  a l i p h a t i c ,  a r o m a t ic  and 
a l i c y c l i c  k e to n e s .
A l i p h a t i c  K e to n e s .
( a )  H y d ro g e n a t io n  a t  a tm o s p h e r ic  h y d ro g en  p r e s s u r e .
The t im e s  ( i n  m in u te s )  o f  h y d r o g e n a t io n  o f  0 .0 1  g .  mole 
o f  k e to n e  o v e r  th e  v a r i o u s  p ro m o ted  c a t a l y s t s  a r e  g iv e n  i n  
T a b le  1 and  t h e  c o u r se  o f  h y d r o g e n a t io n  i s  i l l u s t r a t e d  i n  
F i g u r e s  l a  -  1 c  f o r  a c e to n e ,  m e th y l  i s o b u t y l  k e to n e  and d i -  
i s o p r o p y l k e t o n e .
Figure I.
H Y D R O G E N A T IO N  O F  A L IP H A T IC  K E T O N E S  A T  A T M O S P H E R IC  PRES
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The r e s u l t s  show t h a t  c o n s i d e r a b l e  p r o m o t io n  o f  t h e  r e ­
d u c t i o n  o f  t h e  k e to n e s  was a c h i e v e d  s o l e l y  by  a d d i t i o n  o f  
so d iu m  h y d r o x id e  t o  t h e  c a t a l y s t .  The e f f e c t  o f  t h e  a d d i ­
t i o n  o f  t r i e t h y l a m i n e  was s l i g h t .  D e l e p i n e ’s c a t a l y s t  was 
m a r k e d ly  s u p e r i o r  t o  u n t r e a t e d  R aney N ic k e l  an d  was n o t  p r o ­
m o ted  b y  a d d i t i o n  o f  t r i e t h y l a m i n e .  L i e b e r f s c a t a l y s t  e x ­
h i b i t e d  a n  a n o m alo u s  b e h a v i o u r  i n  t h a t  i t  was s u p e r i o r  t o  
R aney N i c k e l  i n  th e  h y d r o g e n a t i o n  o f  a c e t o n e ;  t h e  s u p e r i o r ­
i t y  w as l e s s  m a rk e d  w i t h  m e th y l  e t h y l  k e t o n e ;  w i t h  h i g h e r  
k e t o n e s  i t  w as i n f e r i o r  t o  t h e  u n t r e a t e d  c a t a l y s t .  When, 
h o w e v e r ,  sod ium  h y d r o x id e  was ad d ed  t o  L i e b e r l s c a t a l y s t  p r o ­
n o u n c e d  p r o m o t io n  was o b t a i n e d  i n  e v e r y  c a s e  a n d  t h e  m ost 
r a p i d  h y d r o g e n a t i o n  was o b t a i n e d  b y  t h i s  m ean s .
I t  was o b s e r v e d  by D e le p in e  ( 3 8 ) ,  t h a t  h i s  p l a t i n i s e d  
c a t a l y s t  w i t h o u t  t h e  a d d i t i o n  o f  sod ium  h y d ro x id e  was som e­
t i m e s  l e s s  e f f e c t i v e  t h a n  u n t r e a t e d  Raney N i c k e l .  I t  w ou ld  
t h e r e f o r e  a p p e a r  t h a t  a d d i t i o n  o f  sod ium  h y d r o x id e  t o  t h e  
c a t a l y s t  w h e th e r  p l a t i n i s e d  by D e l e p i n e f s o r  by  L i e b e r ’s 
m e th o d  i s  e s s e n t i a l  i n  o r d e r  t o  e n s u r e  p r o m o t io n .  P a t t i s o n  
a n d  D e g e r in g  ( 5 3 ) ,  fo u n d  t h a t  R aney N ic k e l  was r e a d i l y  p o i s -  
onned  b y  a d d i t i o n  o f  h a l o g e n  com pounds. G o rn u b e r t  ( 5 4 ) ,  e f ­
f e c t e d  s e l e c t i v e  h y d r o g e n a t i o n  o f  u n s a t u r a t e d  c a r b o n y l  com­
p o u n d s  b y  t h e  a d d i t i o n  o f  t r a c e s  o f  h a lo g e n  compound t o  t h e  
c a t a l y s t ;  i n h i b i t i o n  o f  t h e  r e d u c t i o n  o f  t h e  c a r b o n y l  g ro u p
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o c c u r r e d  a n d  t h e  s a t u r a t e d  k e to n e  was o b t a i n e d .  I t  w ou ld  
t h e r e f o r e  a p p e a r  t h a t  th e  l o s s  o f  a c t i v i t y  o f  L i e b e r ’ s 
c a t a l y s t  i n  t h e  h y d r o g e n a t i o n  o f  h i g h e r  k e to n e s  i s  c a u s e d  by 
c h l o r i d e  i o n  d e r i v e d  from  c h l o r o p l a t i n i c  a c i d .  The h i g h e r  
a c t i v i t y  o f  L i e b e r Ts c a t a l y s t  a f t e r  a d d i t i o n  o f  sod ium  h y d ro x -  
i d e ,  co m p ared  w i t h  D e l e p i n e ’ s may b e  a t t r i b u t e d  t o  more e f ­
f i c i e n t  d i s p e r s a l  o f  p l a t i n u m  on t h e  c a t a l y s t . W ith  th e  
f o r m e r ,  p l a t i n i s i n g  w as e f f e c t e d  b y  s h a k in g  th e  c a t a l y s t  
w i t h  t h e  y e l lo w  p r e c i p i t a t e  o f  (E t^ N jg .  HgFtOlg fo rm ed  on 
a d d i t i o n  o f  H gP tC ig  t o  E t^N . W ith  t h e  l a t t e r  a  d i l u t e  s o l u ­
t i o n  o f  c h l o r o p l a t i n i c  a c i d  was a d d e d  t o  a  s u s p e n s io n  o f  
R aney  N ic k e l  w i t h  t h e  r e s u l t  t h a t  t h e  l i g h t e r  p a r t i c l e s  o f  
c a t a l y s t  w e re  p r e f e r e n t i a l l y  p l a t i n i s e d .
( b ) H y d r o g e n a t io n  a t  45 p . a . i .  h y d ro g e n  p r e s s u r e .
The r e s u l t s  f o r  t h e  h y d r o g e n a t i o n  o f  a l i p h a t i c  k e to n e s  
a t  45 p . s . i .  d i f f e r e n t i a l  h y d ro g e n  p r e s s u r e  a r e  g i v e n  i n  
T a b le  2 an d  F i g u r e s  2 a ,  b  a n d  c .  They a r e  i n  a c c o r d  w i t h  
t h e  r e s u l t s  o b t a i n e d  a t  a tm o s p h e r i c  p r e s s u r e .  D e l e p i n e ’s 
c a t a l y s t  w as s u p e r i o r  to  th e  u n p ro m o ted  c a t a l y s t .  L i e b e r ' s  
c a t a l y s t  w as  f o u n d  t o  b e  more a c t i v e  t h a n  R aney N ic k e l  i n  
t h e  r e d u c t i o n  o f  a c e t o n e ,  b u t  l e s s  a c t i v e  i n  th e  r e d u c t i o n  
o f  t h e  h i g h e r  k e t o n e s .  A d d i t i o n  o f  sodium  h y d r o x id e  t o  
L i e b e r ’s c a t a l y s t  g av e  t h e  m o s t  r a p i d  h y d r o g e n a t i o n  i n  e v e ry  
c a s e .
Ft G UREL <2-
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a )  a c e t o n e
P R E S S U R E
( L B S )
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T a b le  2
H y d r o g e n a t io n  o f  a l i p h a t i c  k e t o n e 3 
a t  45 p . s . i .  h y d ro g e n  p r e s s u r e
S u b s t a n c e
Time o f  h y d r o g e n a t i o n  ( m i n . )
R. Ni
N i - P t  
+ NaOH
Ni + E t 3N 
+ H2P tC I 6
Ni 4- E t 3N 
*+ NaOH
A c e to n e 13 7 . 5 7 4*5
M e th y l  e t h y l  k e to n e 19 1 4 .5 18 6 . 5
M e th y l  n - p r o p y l  k e to n e 25 14 25 9
M e th y l  n -a m y l  k e to n e i 25 1 5 .5 46 1 0
Me th y l  i  s o -b  u t y 1 ke t  one 35 18 48 11
^ D ie th y l  k e to n e 48 27 53 10
I
j E t h y l  n - b u t y l  k e to n e
1 47
29 82 14
| D i i s o p r o p y l  k e to n e p 7 7 112 i 89
__________    1________ i_____________ i__________________ ____
F o r  q u a n t i t i e s  o f  p r o m o te r s  s e e  p a g e  5"s.
i  -  r e a c t i o n  i n c o m p l e t e .
A ro m a t ic  K e t o n e s *
I n  t h e  h y d r o g e n a t i o n  o f  a r o m a t i c  k e t o n e s  a t  a tm o s p h e r i c  
p r e s s u r e  (T a b le  3 ,  F i g u r e s  3 a ,  b ) ,  c o n s i d e r a b l e  p r o m o t io n  o f  
R aney  N ic k e l  c a t a l y s t  was o b t a i n e d  w i t h  so d iu m  h y d r o x id e  and  
w i t h  t r i e t h y l a m i n e .  T h i s  p r o m o t io n  was e n h a n c e d  b y  u s in g  
D e l e p i n e ' s  a n d  L i e b e r ’ s c a t a l y s t s .  D e l e p i n e ’s c a t a l y s t  was 
f o u n d  t o  b e  s l i g h t l y  I n f e r i o r  t o  L i e b e r ’3 .  I n  m arked  c o n t r a s t  
w i t h  t h e  a l i p h a t i c  k e t o n e s ,  a d d i t i o n  o f  sod ium  h y d r o x id e  t o
H Y D R O G E N A T IO N  CF~ ARO M ATIC K £  T'QisJE S  A T  ATMQSPHPJC ^RBSgli
F I G U R E .  3
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t h e  l a t t e r  c a t a l y s t  p r o d u c e d  no e f f e c t  i n  t h e  h y d r o g e n a t i o n  
o f  a c e to p h e n o n e  a n d  p r o p io p h e n o n e , a l t h o u g h  th e  e f f e c t  was 
c o n s i d e r a b l e  i n  t h e  h y d r o g e n a t i o n  o f  b e n z o p h e n o n e .
T a b le  5
H y d r o g e n a t io n  o f  a r o m a t ic  k e to n e s  u n d e r  a t m o s p h e r i c  
p r e s s u r e  o f  h y d ro g e n
S u b s t a n c e
Time o f  H y d r o g e n a t io n  ( m i n s . )
R .N i
! !
Ni + (Ni «* jN i -P t  
NaOH|Et3N j +NaOH
N i - P t  +■ 
NaOH + 
E t 3N
Ni + Et~N 
+ H2F t C I 6
Ni #■ E t 3N 
+ H gPtClg 
+ NaOH
A ce to p h e n o n e 57
I •
30 5 38 j 19 2 1 .5 15 1 4 .5
P ro p io p h e n o n e 90 55 j 65 | 34 48 24 84
B enzophenone
!
70 40 ! 39 ! 38
!
34 1 6
F o r  Q u a n t i t i e s  o f  P r o m o te r s  s e e  p ag e  sr.
The r e s u l t s  f o r  a c e to p h e n o n e  a n d  p r o p io p h e n o n e  a t  45 
p . s . i .  d i f f e r e n t i a l  h y d ro g e n  p r e s s u r e  showed a  s i m i l a r  t r e n d  
t o  t h o s e  a t  a tm o s p h e r i c  p r e s s u r e  (T a b le  4 ,  F i g .  4 ) .
T a b le  4
H y d r o g e n a t io n  o f  a r o m a t ic  k e to n e s  u n d e r  
45 p . s . i .  h y d ro g e n  p r e s s u r e
Time o f  H y d r o g e n a t io n  ( m i n s . )  f
S u b s t a n c e  -R .N i. N i - P t Ni + Et™N Ni + Et^N + j
+ NaOH ■» HgPtGlg HgPtGlg + j
NaOH [
A c e to p h e n o n e  22*5 8 .5 5 .5
1
6 1




G y c lo h e x a n o n e s .
The r e s u l t s  f o r  a  s e r i e s  o f  c y c lo h e x a n o n e s  a r e  g iv e n  i n  
T a b le  5 f o r  h y d r o g e n a t i o n  a t  a tm o s p h e r i c  p r e s s u r e  and shown 
g r a p h i c a l l y  i n  P i g s .  5 a - d .  The r e s u l t s  p a r a l l e l  th o s e  f o r  
a l i p h a t i c  k e t o n e s  (page  1 7 ) .  Once more th e  m o s t  p ro n o u n ced  
p r o m o t io n  w as o b t a i n e d  b y  a d d i t i o n  o f  sodium  h y d ro x id e  t o  
L i e b e r 1s c a t a l y s t .
I n  t h e  ^ p ro m o te d "  r e d u c t i o n  o f  c y e l o h e x a n e - 1 : 3 - d i o n e ,  
t h e  h y d r o g e n  u p t a k e  was l e s s  t h a n  t h e o r e t i c a l !  t h i s  was 
p r o b a b l y  due t o  c o n v e r s i o n  o f  some o f  th e  l : 3 - d i o n e  t o  a  
k e t o - c a r b o x y l i c  a c i d  by sodium  h y d r o x id e .
The r e s u l t s  f o r  h y d r o g e n a t i o n  a t  45 p . s . i .  d i f f e r e n t i a l  
h y d ro g e n  p r e s s u r e  a r e  g i v e n  i n  T a b le  6 and  F i g u r e s  6 a - d ;  
t h e y  f o l l o w  t h e  t r e n d  o f  t h e  r e s u l t s  a t  a tm o s p h e r i c  p r e s s u r e ,  
show ing  once  m ore  t h a t  L i e b e r ! s  c a t a l y s t  a f t e r  a d d i t i o n  o f  
sod ium  h y d r o x i d e ,  g i v e s  th e  m o s t  r a p i d  h y d r o g e n a t i o n  I n  
e v e r y  c a s e .
F i gure  5"
HYDROGENATION OF CyCLOHEXANONES ATMOSPHERIC PRESSURE
f i g u r e : ,.  5
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F i g u r e , (o
r -H a . p .
HYDROGENATION OF CYCLQHEXANQNES AT 45p.s..i. HYDROGEN PRESSURE
—  ^
g )  C yC LO H EX A N O N E f y “Jr. THyUCYCUOH EY_ANONE.
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T i m e  ( m i n s .)
20 30
25
T a b le  6
H y d r o g e n a t io n  o f  c y c lo h e x a n o n e s  u n d e r  45 p . a . i .  h y d ro g e n  p r e s s u r e
I Time o f  H y d r o g e n a t io n  (m ins  77
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+ NaOH
Ni + E t-N
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F en ch o n e - 1 _
1
I 720
i  -  r e a c t i o n  i n c o m p l e t e .  • x  -  no h y d ro g e n  a b s o r p t i o n .
F o r  q u a n t i t i e s  o f  p r o m o te r s  s e e  Page 5’5”-
G y c l o p e n t a n o n e s .
S in c e  D e l e p i n e ’ s p ro m o te d  c a t a l y s t  a n d  t h e  c a t a l y s t  d e ­
v e lo p e d  f ro m  L i e b e r ' s  c a t a l y s t  w e re  fo u n d  t o  b e  th e  m o s t  e f ­
f e c t i v e  i n  t h e  h y d r o g e n a t i o n  o f  a l i p h a t i c  k e t o n e s  a n d  c y c l o ­
h e x a n o n e s ,  i t  was d e c i d e d  t o  u se  o n ly  t h e s e  tw o c a t a l y s t s  i n  
a  s t u d y  o f  th e  h y d r o g e n a t i o n  o f  a  s e r i e s  o f  c y c l o p e n t a n o n e s .
F i g u r e  7 .
F I GURE ,_7
H Y D R O G E N A T IO N  OF C y C i-Q P E N T A N Q N E S  AT A T M O S P H E R IC
PRESSURE!
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I n  e a c h  c a s e  0 .0 5  g .  m ole o f  k e to n e  i n  50 m l . EtOH was h y d r o ­
g e n a t e d  w i t h  2 g .  c a t a l y s t .  The r e s u l t s  w ere  com pared  w i t h  
t h o s e  f o r  t h e  u n p ro m o ted  c a t a l y s t ;  t h e y  a r e  g i v e n  i n  T a b le  7 
a n d  F i g u r e s  7 a  and  b .
T a b le  7
H y d r o g e n a t io n  o f  c y c lo p e n ta n o n e s  a t  a tm o s p h e r i c  
p r e s s u r e  o f  h y d ro g e n
! Time oJ!* h y d r o g e n a t i o n  ( m i n s . )
S u b s t a n c e H aney  N ic k e l
t
D e l e p i n e 1s 
C a t a l y s t
L i e b e r ’s c a t a l y s t  
+ NaOH
A cetone ! 141
j
- -
C y c lo p e n ta n o n e | 170 122 123
 ^ 2 -M e th y lc y c lo p e n ta n o n e j 258 121 113
- 3 - M e th y lc y c lo p e n ta n o n e 168 118 115
2 : 2 - D im e t h y l e y c l o p e n t -  





C o n s i d e r a b le  p r o m o t io n  was o b t a i n e d  b y  b o t h  m e th o d s ,  e s p e c i a l l y  
i n  t h e  h y d r o g e n a t i o n  o f  -  2 - m e th y l -  and  2 : 2 - d i m e t h y l - c y c l o -  
p e n t a n o n e s . T h e re  was l i t t l e  d i f f e r e n c e  i n  th e  e x t e n t  o f  
p r o m o t io n  b y  t h e  two m eth o d s  . I t  was o b s e rv e d  t h a t  when 
c y c lo p e n ta n o n e  a n d  -  3 - m e th y l - c y c lo p e n ta n o n e  w ere  h y d r o g e n ­
a t e d  o v e r  D e l e p i n e ’ s p ro m o te d  c a t a l y s t ,  t h e  u p ta k e  o f  h y d r o ­
g e n  was l e s s  t h a n  t h e o r e t i c a l .  I t  w ou ld  seem t h a t  some 
c o n d e n s a t i o n  o f  t h e  c y c lo p e n ta n o n e  h ad  o c c u r r e d  i n  t h e  p r e s ­
e n c e  o f  NaOH, a s  was shown b y  t h e  p r e s e n c e  o f  a  s m a l l  q u a n t i t y
28
c a t a l y s t  w as l e s s  a c t i v e  t h a n  Hi c a t a l y s t  i n  t h e  h y d r o g e n a ­
t i o n  o f  c y c lo h e x e n e  an d  n i t r o b e n z e n e ;  t h e r e  was l i t t l e  d i f ­
f e r e n c e  i n  t h e i r  a c t i v i t i e s  when u s e d  f o r  h y d r o g e n a t i o n  o f  
a c e t o n e  an d  c y c lo h e x a n o n e ;  t h e  N i - P t  c a t a l y s t  w a s ,  h o w e v e r ,  
m ore a c t i v e  i n  t h e  h y d r o g e n a t i o n  o f  -  2 - m e t h y l - c y c l o h e x a n o n e , 
-  2 : 2 : 6 - t r i m e t h y l c y c l o h e x a n o n e , d -cam p h o r  and  a c e to p h e n o n e .
T a b le  8
C o m p a r iso n  o f  t h e  a c t i v i t i e s  o f  R aney N ic k e l  
a n d  Raney N i c l V l - F l a t i n u m  C a t a l y s t s




k a h e y  N ic k e l  j 
+  Et-zN j 
H2P t C l 6 4 NaOH j
N i - P t N i - P t  + 
NaOH








A c e to n e 39 16 j 41 23
C y c lo h e x a n o n e 40 i 16 !I 40 27
4
-  2 -M e -c y c lo h e x a n o n e 88 I 31
j
54 28
-  2 : 2 :6 -T r i - M e -c y c lo h e x a n o n e 472 ! 201( 352 159
d -cam p h o r j 580!
\ 153\
273 155
A c e to p h e n o n e ! 57
s
j 15 37; 23i|
The f i g u r e s  g i v e n  a r e  t h e  t im e s  ( m i n s . )  f o r  h y d r o g e n a t i o n  
o f  0 .0 1  g .  m ole  o f  s u b s t a n c e  w. 0 .5  g .  c a t a l y s t .
When t h e  N i - P t  c a t a l y s t  was com pared  w i t h  L i e b e r ’ s R aney 
N ic k e l  p ro m o te d  w i t h  sod ium  h y d r o x id e  i n  t h e  h y d r o g e n a t i o n
F ig u r e 8.
FIG. 8 .
—  P R O M O T IO N  O F  H Y D R O G E N A T IO N  O F  A C E T O N E -
("e f f e c t  o f  t h e : a m o u n t  o f  N aQ H q n  t h e : t i m e
O F  H y p R O Q E M A T IO N  Q F  0 * 0 1  M O L E  O F  A C E T O N E  
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o f  t h e s e  k e t o n e s ,  i t  w as  fo u n d  t o  be l e s s  a c t i v e  (T a b le  8 ) .
Upon a d d i t i o n  o f  sod ium  h y d ro x id e  t o  i t ,  t h e i r  a c t i v i t i e s  w ere  
fo u n d  t o  b e  o f  s i m i l a r  m a g n i tu d e  a l t h o u g h  t h e  amount o f  
p l a t i n u m  p r e s e n t  i n  th e  N i - P t  c a t a l y s t  was a p p r o x i m a te ly  
d o u b le  t h a t  i n  th e  L i e b e r  c a t a l y s t .  T h i s  d i f f e r e n c e  m ig h t  
b e  a t t r i b u t e d  t o  th e  f a c t  t h a t  a  c o n s i d e r a b l e  am ount o f  th e  
p l a t i n u m  was b u r i e d  w i t h i n  t h e  p a r t i c l e s  o f  t h e  a l l o y  c a t ­
a l y s t  a n d  so  was i n e f f e c t i v e .
A s tu d y  o f  t h e  e f f e c t  o f  a g e i n g  o f  t h e  c a t a l y s t  i n  t h e  
h y d r o g e n a t i o n  o f  a c e to n e  ( e x p e r i m e n t a l  p.5 ^ ) ,  showed t h a t  
t h e  N i - P t  a l l o y  c a t a l y s t  r e t a i n e d  much o f  i t s  i n i t i a l  a c t i v ­
i t y  f o r  a  l o n g e r  t im e  t h a n  t h e  n i c k e l  c a t a l y s t .
P r o m o t io n  o f  Raney N ic k e l  c a t a l y s t  w i t h  a l k a l i .
An i n v e s t i g a t i o n  o f  th e  e f f e c t  o f  c o n c e n t r a t i o n  o f  
sod ium  h y d r o x id e  i n  t h e  p r o m o t io n  o f  t h e  h y d r o g e n a t i o n  o f  
a c e t o n e  o v e r  R aney  N ic k e l  ( e x p e r i m e n t a l  p . Q i ) ,  showed t h a t  
t h e  p r o m o t io n  g i v e n  b y  0 .1  m l .  o f  h y d r o x id e  s o l u t i o n  i n ­
c r e a s e d  t o  a  maximum when t h e  n o r m a l i t y  was i n  t h e  r a n g e  
IN. t o  3N, a n d  t h e n  d e c r e a s e d  w i t h  f u r t h e r  i n c r e a s e  i n  t h e  
s t r e n g t h  o f  t h e  h y d r o x id e  s o l u t i o n .  The r e s u l t s  a r e  
i l l u s t r a t e d  i n  F i g u r e  8 .  The d e c r e a s e  i n  a c t i v i t y  o f  t h e  
c a t a l y s t  when e x c e s s  sod ium  h y d r o x id e  was a d d e d ,  may b e  due 
t o  g e o m e t r i c  b lo c k a g e  o f  th e  s u r f a c e  a s  p r e d i c t e d  b y  Dowden ( 5 ) .
30
XNo c r i t i c a l  c o n c e n t r a t i o n  o f  p r o m o te r  was o b s e r v e d .
Sodium  h y d r o x id e  was fo u n d  t o  be s t r o n g l y  a d s o r b e d  on 
t h e  c a t a l y s t  s u r f a c e  ( e x p e r i m e n t a l  f> ^ ) .  I t  was t h o u g h t  
t h a t  i f  p r o m o t io n  w ere due t o  a d s o r b e d  sod ium  i o n ,  l i t h i u m  
h y d r o x id e  m ig h t  f u n c t i o n  b e t t e r  a s  a  p r o m o te r  s i n c e  t h e  i o n i c  
r a d i i  o f  l i t h i u m  and  n i c k e l  a r e  o f  s i m i l a r  m a g n i tu d e .  R e­
s u l t s  i n d i c a t e d  t h a t  i t  w as s l i g h t l y  s u p e r i o r  s i n c e  h y d r o g e n a ­
t i o n  t im e s  f o r  a  s e r i e s  o f  k e to n e s  o v e r  R aney N ic k e l  p ro m o te d  
w i t h  l i t h i u m  h y d r o x id e  w ere  20% l e s s  t h a n  t h e  t im e s  o b t a i n e d  
w i t h  t h e  sod ium  h y d r o x id e  p ro m o te d  c a t a l y s t  ( e x p e r i m e n t a l  p - . 
P o t a s s iu m  h y d r o x id e  was a l e s s  e f f i c i e n t  p r o m o te r  t h a n  sodium  
h y d r o x id e  s i n c e  t h e  t im e s  f o r  r e d u c t i o n  o f  m e th y l  e t h y l  k e to n e  
o v e r  R aney  N i c k e l  p ro m o te d  w i t h  t h e s e  two s u b s t a n c e s  w ere  i n  
t h e  r a t i o  1 . 1 7 : 1 ,  and  o f  m e th y l  n - b u t y l  k e to n e  1 . 3 3 : 1 .
A f t e r  t h e  a d d i t i o n  o f  sod ium  h y d r o x id e  t o  h y d ro g e n  
s a t u r a t e d  Raney N ic k e l  c a t a l y s t  a  f u r t h e r  a d s o r p t i o n  o f  
h y d ro g e n  was o b s e r v e d T h i s  r e s u l t  i n d i c a t e s  t h a t  a l k a l i  
a l s o  p ro m o te s  t h e  a d s o r p t i o n  o f  h y d r o g e n ,  a n d  t h a t  t h e  a c t i v e  
s u r f a c e  o f  t h e  c a t a l y s t  i s  i n c r e a s e d  b y  a d d i t i o n  o f  a l k a l i  
( s e e  p .  10 , S m i th  e t  a l . ) .
V a r io u s  m echan ism s f o r  t h e  p r o m o t io n  o f  Raney N ic k e l  by
/•
sod ium  h y d r o x id e  have  b e e n  a d v a n c e d .  D e le p in e  p o i n t e d  o u t
G r i f f i t h  ( 5 5 ) ,  i n  an  i n v e s t i g a t i o n  o f  t h e  p r o m o t io n  o f
molybdenum o x id e  c a t a l y s t  I n  t h e  d e c o m p o s i t i o n  o f  c y c l o -  
h e x a n e  a n d  h e x a n e ,  f o u n d  t h a t  a n  e x t r e m e ly  c r i t i c a l  c o n ­
c e n t r a t i o n  o f  p r o m o te r  g av e  optimum p r o m o t io n  e f f e c t .
31
t h a t  a l k a l i  c o u l d  n o t  p ro m o te  r e d u c t i o n  v i a  t h e  e n o l  fo rm  o f  
t h e  k e to n e  s i n c e  th e  h y d r o g e n a t i o n  o f  k e to n e s  s u c h  a s  b e n z o -  
p h e n o n e  w i t h  no ct -h y d ro g e n  atom  was p ro m o te d  b y  a l k a l i .
who e x p l a i n e d  t h e  r o l e  o f  sod ium  h y d r o x id e  i n  t h e  h y d ro g e n a  
t i o n  o f  c a r b o n y l  compounds b y  th e  f o r m a t i o n  o f  a n  a d d i t i o n  
c omp ound  w i  t h  t h e  ke t  o n e : -
He s u g g e s t e d  t h a t  t h e  a d d i t i o n  compound w ou ld  t h e n  be  r e a d i l y  
h y d r o g e n o ly s e d  b e c a u s e  o f  t h e  m o b i l i t y  o f  t h e  ONa g r o u p .  
D upon t an d  P i g a n i o l  ( 5 6 ) ,  p r o p o s e d  t h a t  a d d i t i o n  o f  m e t a l l i c  
o x id e s  t o  R aney N ic k e l  c a t a l y s t  l e d  t o  th e  f o r m a t i o n  o f  
a r e a s  o f  n o n - m e t a l l i c  p h a s e  on t h e  c r y s t a l l i t e  s u r f a c e .  The 
p r o m o te r  w o u ld  s t r o n g l y  a d s o rb  t h e  h y d ro g e n  a c c e p t o r  w h i l e  
t h e  m e t a l  c a t a l y s t  a d s o r b e d  h y d ro g e n  so  t h a t  p o i n t s  o f  c o n ­
t a c t  b e tw e e n  th e  m e t a l  c a t a l y s t  an d  t h e  p r o m o te r  w o u ld  
become t h e  a c t i v e  s i t e s  o f  t h e  c a t a l y s t  a t  w h ic h  i n t e r a c t i o n  
b e tw e e n  h y d ro g e n  a n d  u n s a t u r a t e d  compound o c c u r r e d .  S u ch  a  
m echan ism  d o e s  n o t  a c c o u n t  f o r  f u r t h e r  a d s o r p t i o n  o f  h y d ro g e n  
on a d d i t i o n  o f  a l k a l i  t o  t h e  c a t a l y s t .
I f  t h e  p ro m o t io n  w e re  due s o l e l y  t o  a n  i n c r e a s e  i n  t h e  
am ount o f  h y d ro g e n  a d s o r b e d  on t h e  c a t a l y s t ,  t h e  p r o m o t io n
An im p ro b a b le  m echan ism  was p u t  f o r w a r d  b y  D e le p in e  ( 4 0 ) ,
32
e f f e c t  o f  a l k a l i  w o u ld  n o t  b e  c o n f i n e d  to  t h e  h y d r o g e n a t i o n  
o f  c a r b o n y l  com pounds. A s tu d y  o f  t h e  h y d r o g e n a t i o n  o f  
c y c lo h e x e n e  d i d  n o t  confirm , t h i s .  I t  was fo u n d  t h a t  sod ium  
h y d r o x id e  r e t a r d e d  t h e  h y d r o g e n a t i o n  o f  c y c lo h e x e n e  ( e x p e r i ­
m e n ta l  p. M) ,  an d  a l t h o u g h  i t  c a u s e d  a  s h a r p e r  c o m p le t i o n  o f  
r e a c t i o n ,  i t  h a d  no e f f e c t  on t h e  i n i t i a l  r a t e  o f  h y d r o g e n a ­
t i o n  o f  n i t r o b e n z e n e  ( e x p e r i m e n t a l  p- 6 1 ) .  M o reo v e r  G o rn u b e r t  
an d  P h e l i s s e  ( 5 7 ) ,  i n  a  s tu d y  o f  t h e  s e l e c t i v e  h y d r o g e n a t i o n  
o f  u n s a t u r a t e d  k e t o n e s ,  c o n f i rm e d  t h a t  a l k a l i  i s  a  p r o m o te r  
o n ly  o f  th e  k e to n e  -----» a l c o h o l  r e a c t i o n .
S c h m id t  ( 5 8 ) ,  h a s  r e l a t e d  t h e  r a t e  o f  l i q u i d  p h a s e  h y d r o ­
g e n a t i o n  o f  e t h y l e n e s  t o  t h e  v a l u e  o f  t h e  h e a t  o f  a d s o r p t i o n  
o f  t h e  s o l v e n t  w h ie h  i s  a  f u n c t i o n  o f  i t s  h e a t  o f  v a p o r i s a ­
t i o n .  He fo u n d  t h a t  t h e  h y d r o g e n a t i o n  was r e t a r d e d  i n  s o l ­
v e n t s  o f  h i g h  h e a t  o f  v a p o r i s a t i o n .  I n  t h e  p r e s e n t  w o rk ,  
i t  w as fo u n d  t h a t  t h e  a c t i v i t y  o f  t h e  c a t a l y s t  was e n h a n c e d  
b y  t h e  p r e s e n c e  o f  sodium  h y d r o x id e  i n  c a s e s  w here t h e  h e a t  
o f  v a p o r i s a t i o n  o f  t h e  p r o d u c t  o f  h y d r o g e n a t i o n  w as s u b ­
s t a n t i a l l y  g r e a t e r  t h a n  t h a t  o f  t h e  r e a c t a n t ,  (T a b le  1 1 ) .
I n  s u c h  c a s e s  i t  w o u ld  t h e r e f o r e  a p p e a r  t h a t  sod ium  h y d r o x id e  
i s  o v e rco m in g  a  r e t a r d a t i o n  o f  r e a c t i o n  due t o  t h e  p r o d u c t s  
o f  h y d r o g e n a t i o n .
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T a b le  11
H e a ts  o f  v a p o r i s a t i o n  o f  h y d ro g e n  a c c e p t o r s  an d  
t h e i r  p r o d u c t s  o f  h y d r o g e n a t i o n
S u b s ta n c e
H e a t  o f  
v a p o r i s a ­
t i o n 35 
k .  c a l s .
H y d r o g e n a t io n  
j  p r o d u c ti
H e a t  o f  
v a p o r i s a ­
t i o n  
k .  c a l s .
E f f e c t
o f
NaOH
C y c lo h e x e n e 7 .2 8 L y c lo h e x a n e
\I
7 .3 4 R e t a r d ­
a t i o n
A c e to n e 7 .2 6
t
1 2 - P r o p a n o l 9 .5 6 Prom o­
t i o n
M e th y l  e t h y l  k e to n e 7 .5 9 1 2 - B u ta n o l
|
9 .9 2 "
C y c lo h e x a n o n e 9 .5 0 iC y c lo h e x a n o l 1 0 .7 0 »
N i t r o b e n z e n e i 7 .9 4 ! A n i l i n e 9 .7 1 S l i g h t
prom o­
t i o n
x  V a lu e s  o b t a i n e d  f ro m  L a n d o l t - B  o r n a t e  i n .
B rem ner a n d  Keeys ( 5 9 ) ,  r e g a r d i n g  th e  c a t a l y s t  a s  a  
L e w is  a c i d  o r  b a s e ,  s u g g e s t e d  t e n t a t i v e l y  t h a t  a d d i t i o n  o f  
a l k a l i  t o  Raney N ic k e l  c a t a l y s t  i n  th e  h y d r o g e n a t i o n  o f  
k e t o n e s ,  m o d i f i e s  th e  w ork f u n c t i o n  o f  t h e  c a t a l y s t ,  t h u s  
i n c r e a s i n g  t h e  e l e c t r o n  d o n o r  c h a r a c t e r i s t i c .  More r a p i d  
d e s o r p t i o n  o f  t h e  a l c o h o l  p r o d u c t  o c c u r s  t h e r e f o r e  an d  t h e  
s u r f a c e  o f  t h e  c a t a l y s t  a v a i l a b l e  f o r  a d s o r p t i o n  o f  f r e s h  
k e to n e  i s  i n c r e a s e d  an d  w i t h  i t  t h e  r a t e  o f  h y d r o g e n a t i o n .  
T h i s  m echan ism  a c c o u n t s  m o s t  s a t i s f a c t o r i l y  f o r  th e  e x p e r i ­
m e n ta l  o b s e r v a t i o n s  o f  t h e  p r e s e n t  w o rk .  I t  may a l s o  b e
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assu m ed  t h a t  I n  t h e s e  h y d r o g e n a t i o n s  th e  s o l v e n t  e t h a n o l  
i s  a d s o r b e d  t o  some e x t e n t .  The p r o m o t io n  o f  a d s o r p t i o n  
o f  h y d r o g e n  may t h e r e f o r e  h e  i n t e r p r e t e d  i n  a  s i m i l a r  w ay, 
v i z . ,  t h a t  m o d i f i c a t i o n  o f  th e  e l e c t r o n  d o n o r  c h a r a c t e r i s t i c  
o f  t h e  c a t a l y s t  b y  a d d i t i o n  o f  a l k a l i  c a u s e s  d e s o r p t i o n  o f  
some e t h a n o l  a n d  h y d ro g e n  i s  a d s o r b e d  on th e  f r e e d  s u r f a c e .  
I t  w o u ld  t h e r e f o r e  seem t h a t  th e  f u n c t i o n  o f  a l k a l i  i n  t h e  
p r o m o t io n  o f  t h e  h y d r o g e n a t i o n  o f  k e t o n e s  i s  t o  m o d ify  t h e  
p r o p e r t i e s  o f  t h e  s u r f a c e  o f  Raney N ic k e l  i n  s u c h  a  way t h a t  
t h e  p r o d u c t  o f  h y d r o g e n a t i o n  i s  r e a d i l y  d e s o r b e d  an d  th e  
c o n c e n t r a t i o n  o f  r e a c t a n t s  a t  t h e  s u r f a c e  i s  i n c r e a s e d .
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E X P E R I M E N T A L
P r e p a r a t i o n  o f  m a t e r i a l s .
Raney N ic k e l  C a t a l y s t . W-4 R aney N ic k e l  C a t a l y s t  
w as u s e d  t h r o u g h o u t  t h i s  w o rk .  I t  was p r e p a r e d  b y  t h e  
m eth o d  o f  A d k in s  and  P a v l i c  ( 2 6 ) ,  w i t h  one m o d i f i c a t i o n  - 
t h e  c o n t i n u o u s  w a s h in g  p r o c e s s  was c a r r i e d  o u t  i n  one h o u r ,  
t h e  w h o le  p r e p a r a t i o n  t a k i n g  f ro m  3 i  t o  4 h o u r s .  The 
c a t a l y s t  was p r e p a r e d  from  100 gm. b a t c h e s  o f  N i-A l  a l l o y  
(5 0 :5 0  b y  w e i g h t ,  80 t o  d u s t ,  and  was s t o r e d  i n  a  250 ml 
B .£ 4  q u i e k f i t  f l a s k ,  c a r e f u l l y  s t o p p e r e d  t o  e x c lu d e  a i r .
( b ) P u r i f i c a t i o n  o f  s o l v e n t s  an d  h y d ro g e n  a c c e p t o r s .
M e th y l  a n d  e t h y l  a l c o h o l s  w ere  s h a k e n  w i t h  Raney N ic k e l  
c a t a l y s t  (1 g .  p e r  100 m l)  an d  d i s t i l l e d .
D io x a n  (150 m l)  was r e f l u x e d  o v e r  so d iu m  (9 g . )  f o r  s i x  
h o u r s  an d  d i s t i l l e d ,  b . 1 0 2 . 5 - 1 0 3 . 0 .
W a te r .  D i s t i l l e d  w a t e r  was u s e d  i n  t h e  p r e p a r a t i o n  o f  
R aney  N i c k e l ,  a n d  a s  a  s o l v e n t  f o r  h y d r o g e n a t i o n  o f  a c e t o n e .
H ydro g en  a c c e p t o r s . 100  g .  o f  h y d ro g e n  a c c e p t o r  was
s h a k e n  w i t h  10  g .  R aney N ic k e l  f o r  t e n  m in u te s  i n  o r d e r  t o  
rem ove c a t a l y s t  p o i s o n s .  The n i c k e l  was f i l t e r e d  o f f  and  
t h e  h y d ro g e n  a c c e p t o r  d r i e d  o v e r  m agnesium  s u l p h a t e  (20 g . ) .  
The h y d ro g e n  a c c e p t o r  was t h e n  d i s t i l l e d  t h r o u g h  a  s i x - i n c h  
b e a d - p a c k e d  colum n an d  th e  a p p r o p r i a t e  f r a c t i o n  c o l l e c t e d .
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M o d i f i c a t i o n s  i n  th e  Raney N ic k e l  t r e a t m e n t  w ere  made 
i n  t h e  c a s e  o f  camphor and  b en zo p h en o n © . W ith  t h e s e  two 
s u b s t a n c e s ,  a  s o l u t i o n  i n  e t h y l  a l c o h o l  was sh a k e n  up w i t h  
t h e  c a t a l y s t ,  and  th e  k e to n e  was r e c o v e r e d  f ro m  th e  a l c o h o l .  
The f e n c h o n e  was o f  t e c h n i c a l  g r a d e ;  i t  was f r a c t i o n a l l y  
d i s t i l l e d  t h r o u g h  a  16 i n c h  co lu m n . The f r a c t i o n  b  2 0 3 -5
w as f r e e d  f ro m  camphor w i t h  s e m ic a r b a z id e  h y d r o c h l o r i d e  ( 6 0 ) ,  
s te a m  d i s t i l l e d ,  d r i e d  o v e r  m agnesium  s u l p h a t e ,  a n d  f r a c ­
t i o n a l l y  d i s t i l l e d  once m o re .
B e c a u se  o f  a  d i s p r o p o r t i o n a t i o n  r e a c t i o n ,  ( 6 1 ) ,  c y c l o -
h e x e n e  c o u ld  n o t  b e  t r e a t e d  w i t h  Raney N i c k e l . I n s t e a d  i t
was t w i c e  d i s t i l l e d  th r o u g h  a  s i x - i n c h  
a f t e r  h a v in g  b e e n  d r i e d  o v e r  m agnesium
b e a d  p a c k e d  
s u l p h a t e .
co lu m n ,
A c e to n e b 755 5 6 .5 -5 7 ANALA R
M e th y l  e t h y l  k e to n e b 765 7 9 .5 - 8 0 g r a d e .
M e th y l  n - p r o p y l  k e to n e b 755 1 0 0 .5 - 1 0 1 .5
M e th y l  n -a m y l  k e to n e b 740 1 4 9 -1 5 0
M e th y l  i s o  b u t y l  k e to n e b 757 1 1 6 . 5 - 1 1 7 . 5 S u p p l i e d  b y  
L i g h t  & 
Go.
m e t h y l  k e to n e b 755 1 0 1 - 1 0 2 .5
E t h y l  n - b u t y l  k e to n e b 765 1 5 5 -1 5 6
D i i s o p r o p y l  k e to n e b 765 1 3 9 -1 4 0
i  3 -M e th y lc y c lo h e x a n o n e b . 1 6 8 .5 - 1 6 9 .5
-  4 -M eth y le y e lo h e x a n o n © b 740 1 6 9 -1 7 0
C y c 1 ohexanone 13 747 1 5 4 -1 5 5
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-  2 -Me t h y l  cy c lo h e x a n o n e
2 : 2 - d im e th y lc y c lo h e x a n o n e
-  2 : 2 : 6 - t r  ime t h y l c y  c lo h e x a n o n e
2 : 2 : 6 : 6 - t e t r a m e t h y I c y c l o h e x a n o n e  
d -c a m p h o r  W P 4 4 .1
F en ch o n e  * L 7 .  5 = 1 .4 6 3 2  b .  203
A c e to p h e n o n e  
P r  op i  ophenone 
B en z ophenone  
G y c lo h e x e n e  
N i t r o b e n z e n e
b .  200 
b .  1 1 5 - 1 1 5 .5  
m. 49
b .  8 4 - 8 4 .5  
b .  2 0 8 -2 0 9
b .
b
1 6 5 -1 6 6
1 7 1 .5 -1 7 2757
b .  1 8 2 -1 8 3
b 762 1 8 5 -1 8 6
S u p p l i e d  
by  
G lax o  
L a b o r a ­
t o r i e s , 
L t d .
S u p p l i e d  
b y  
W h if f e n  
& Go.
S u p p l i e d  
b y  B.D.H,
S u p p l i e d  b y  B .D .H .
w w L i g h t  & Go. 
M 11 B .D .H .
n tt L i g h t  & Co.
w H o p k in s  & 
W i l l i a m s .
P r e p a r a t i o n  o f  G y c lo p e n ta n o n e  ( 6 2 ) .
A d ip i c  a c i d  (200 g . ) was m ix ed  i n t i m a t e l y  w i t h  f i n e l y  
p o w d e re d  bariiam  h y d r o x id e  (10  g . ) .  The m ix t u r e  was h e a t e d  
i n  a  1 1 .  d i s t i l l i n g  f l a s k  i n  a n  a i r  b a t h  t o  285 t o  2 9 5 °  G. 
( th e rm o m e te r  i n  t h e  m i x t u r e )  f o r  4 h o u r s ,  a n d  t h e  c y c l o p e n t -  
anone  w h ic h  s lo w ly  d i s t i l l e d ,  was c o l l e c t e d ,  s e p a r a t e d  f ro m  
w a t e r  i n  t h e  d i s t i l l a t e ,  d r i e d  w i t h  p o t a s s i u m  c a r b o n a t e  and  
d i s t i l l e d  ( y i e l d  89 g . ,  b . 1 2 8 - 1 3 1 ° ) .  The c y c lo p e n ta n o n e  
was t h e n  f r a c t i o n a l l y  d i s t i l l e d  t h r o u g h  a  b e a d - p a c k e d  colum n 
The f r a c t i o n ,  b .  1 3 0 . 0 - 1 3 0 . 6 ,  (71 g . )  was r e t a i n e d .
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P r e p a r a t i o n  o f  3 -M e th y lc y c lo p e n ta n o n e  ( 6 3 ) .
850 c c .  HNOg ( d . 1 . 4 2 )  w ere  h e a t e d  i n  a  2 1 .  p y r e x  f l a s k  
e q u ip p e d  w i t h  d ro p p in g  f u n n e l  a n d  10  i n .  D a v ie s  d o u b le  s u r ­
f a c e  c o n d e n s e r .  When t h e  a c i d  was b o i l i n g  v i g o r o u s l y ,  
4 - M e th y lc y c lo h e x a n o l  (250 g . )  was ad d ed  s lo w ly  (3  h o u r s ) ,  
t h e  f l a s k  w as h e a t e d  f o r  a  f u r t h e r  20 m i n u t e s ,  and  t h e  r e ­
a c t i o n  m i x t u r e  was th e n  d i l u t e d  w i t h  w a t e r  (850 m l . ) ,  a n d  
s a t u r a t e d  w i t h  ammonium s u l p h a t e . The m i x t u r e  was e x t r a c t e d  
w i t h  e t h e r  (3  x  500 m l . )  and  d r i e d  o v e r  a n h y d ro u s  sod ium  
s u l p h a t e .  The e t h e r  was d i s t i l l e d  o f f ,  and  th e  r e s i d u e  
was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  u n t i l  t h e  p r e s s u r e  r o s e  
r a p i d l y  t o  1 0 0  mm. and  t h e  t e m p e r a t u r e  r o s e  t o  160°  0 .  The 
r e s i d u e  was t h e n  h e a t e d  s lo w ly ,  w i t h  a th e rm o m e te r  i n  th e  
r e s i d u e ,  t o  3 0 0 -3 2 0 °  C. The b u l k  o f  th e  d i s t i l l a t e  came 
o v e r  a t  3 1 0 -3 1 4 °  G . I t  was w ashed  w i t h  p o t a s s i u m  c a r b o n a t e  
s o l u t i o n  ( 1 0 $ ) ,  d r i e d  o v e r  p o t a s s i u m  c a r b o n a t e ,  a n d  d i s t i l l e d  -  
b .  1 4 1 - 3 ,  y i e l d  88 g .  4 0 $ .  The 3 - m e th y lc y c lo p e n ta n o n e  was 
t h e n  f r a c t i o n a l l y  d i s t i l l e d  t h r o u g h  a  b e a d  p a c k e d  co lu m n , th e  
f r a q t i o n  b o i l i n g  1 4 2 .8 - 1 4 3 .3  (75 g . )  b e i n g  r e t a i n e d .
P r e p a r a t i o n  o f  2 - m e th y lc y c lo p e n ta n o n e  ( 6 4 ) .
A d ip ic  a c i d  (200  g . ) ,  e t h y l  a l c o h o l  (150  g . )  a n d  b e n z e n e  
(360 g . )  w ere  r e f l u x e d  f o r  f i v e  h o u r s  w i t h  s u l p h u r i c  a c i d  
(60  g . ) .  A f t e r  c o o l i n g ,  t h e  b e n z e n e  l a y e r  was s e p a r a t e d  
and  n e u t r a l i s e d  b y  s h a k in g  i t  w i t h  1 0 $  sod ium  c a r b o n a t e ;  t h e
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b e n z e n e  w as d i s t i l l e d  o f f ,  an d  th e  r e s i d u e  d i s t i l l e d  u n d e r  
r e d u c e d  p r e s s u r e .  D i e t h y l  a d i p a t e  (220  g . ,  80$  y i e l d ,
^ 1 8  1 ^ 0 -1 3 2 )  was t h u s  o b t a i n e d .
Sodium  (24  g . )  was p o w d ered  i n  d r y  t h i o p h e n - f r e e  t o l u e n e  
(400  m l . )  i n  a  2 1 .  f l a s k  e q u ip p e d  w i t h  a  h i g h  s p e e d  s t i r r e r ,  
d o u b le  s u r f a c e  c o n d e n s e r  a n d  d r o p p in g  f u n n e l .  W ith  c o n s t a n t  
s t i r r i n g ,  d i e t h y l  a d i p a t e  (200 g . )  was a d d e d  a t  a  s u f f i c i e n t  
r a t e  t o  keep  t h e  t o l u e n e  r e f l u x i n g  ( l  h r . ) ;  t h e  f l a s k  was 
r e f l u x e d  f o r  one h o u r  a f t e r  th e  a d d i t i o n ,  t h e n  c o o le d  t o  
-1 5 °  G. M e th y l  i o d i d e  (55 m l . )  was a d d e d  s lo w ly  w i t h  
s t i r r i n g  (-J- h r . ) ,  s t i r r i n g  was c o n t i n u e d  f o r  J  h r . ,  a n d  e x c e s s  
m e th y l  i o d i d e  w as d i s t i l l e d  o f f .  W a te r  (100  m l . )  was ad d ed  
t o  t h e  r e a c t i o n  m i x t u r e ,  an d  s e p a r a t e d  f ro m  t h e  t o l u e n e  
l a y e r ;  t h e  a q u e o u s  s o l u t i o n  was t h e n  e x t r a c t e d  w i th  m ore 
t o l u e n e  (2  x  75 m l . ) :  t h e  t o l u e n e  e x t r a c t s  w ere  co m b in ed ,
c o o l e d  t o  0 °  C . ,  e x t r a c t e d  w i t h  1 0 $  p o t a s s iu m  h y d r o x id e ,  
w a sh e d  w i t h  d i l u t e  s u l p h u r i c  a c i d  (1 0 $  s o l u t i o n ) ,  t h e n  sodium  
c a r b o n a t e  (1 0 $  s o l u t i o n ) .  The t o l u e n e  was d i s t i l l e d  o f f ,  
a n d  t h e  r e s i d u e  o f  2 - M e t h y l - 2 ~ e th y lc a r b o x y c y c lo p e n ta n o n e  was 
d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  (bgQ 1 3 8 -1 4 0 ,  y i e l d  133  g . )
H y d r o l y s i s  o f  2 - m e th y l - 2 - e t h y lc a r b o x y c y c l o p e n t a n o n e  was 
a c c o m p l i s h e d  b y  r e f l u x i n g  w i th  d i l u t e  h y d r o c h l o r i c  a c i d  
(400  m l .  c o n c .  HC1 + 200 m l .  HgO) f o r  24 h o u r s .  The m ix tu r e  
w as e x t r a c t e d  w i t h  e t h e r ,  t h e  e t h e r  w as rem oved  b y  d i s t i l l a t i o n ,
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a n d  t h e  r e s i d u e  o f  2 - m e th y lc y c lo p e n ta n o n e  was d i s t i l l e d .  
F u r t h e r  p u r i f i c a t i o n  was o b t a i n e d  b y  d i s t i l l a t i o n  th r o u g h  a 
b e a d - p a c k e d  co lum n, t h e  f r a c t i o n  b .  1 3 8 .5 - 1 3 9 ,  (65 g . )  b e i n g  
r e t a i n e d .
P r e p a r a t i o n  o f  2 : 2 - d i m e t h y l c y c l o p e n t a n o n e  ( 6 5 ) .
2 - m e th y lc y e lo p e n ta n o n e  (1 1 4  g . )  was ad d e d  s lo w ly  (2 
h o u r s )  w i t h  s t i r r i n g  t o  f i n e l y  g ro u n d  sodam ide  ( 4 5 .5  g . )  
u n d e r  d r y  e t h e r  (1 1 . )  c o n t a i n e d  i n  a  d ry  2 1 .  f l a s k .  The 
r e a c t i o n  m i x t u r e  w as r e f l u x e d  f o r  3 h o u r s ;  c o o l e d ;  m e th y l  
i o d i d e  (75 m l . )  was ad d ed  s lo w ly  (2 h o u r s ) ;  t h e  r e a c t i o n  
m i x t u r e  was r e f l u x e d  f o r  2 h o u r s ,  a n d  c o o l e d ;  w a t e r  (200  m l . )  
was a d d e d ;  t h e  e t h e r  l a y e r  w as s e p a r a t e d ;  t h e  a q u e o u s  l a y e r  
was e x t r a c t e d  w i t h  e t h e r  w h ich  was com bined  w i t h  t h e  m a in  
e t h e r  f r a c t i o n ,  w ash ed  w i t h  d i l u t e  s u l p h u r i c  a c i d ,  an d  t h e n  
d i l u t e  sod ium  c a r b o n a t e  (10$  s o l n . ) .  The e t h e r  e x t r a c t  was 
d r i e d  o v e r  p o t a s s i u m  c a r b o n a t e ;  t h e  e t h e r  was d i s t i l l e d  o f f  
a n d  th e  r e s i d u e  f r a c t i o n a t e d .  The m ain  f r a c t i o n  ( b . 1 4 2 .5 -  
1 4 4 . 5 ,  57 g . )  was p u r i f i e d  v i a  t h e  s e m ic a rb a z o n e  (m. 1 9 0 -1 9 1 )  
a n d  r e d i s t i l l e d , b . 1 4 3 . 3 - 1 4 3 . 5 .
H y d r o g e n a t io n  A p p a r a t u s -
( a )  A c o n v e n t i o n a l  a p p a r a t u s  f o r  h y d r o g e n a t i o n  a t  a t ­
m o s p h e r ic  p r e s s u r e  was u s e d  ( F ig u r e  9 ) .  I t  c o n s i s t e d  o f  a 
f l a s k  o f  200 m l .  c a p a c i t y ,  c o n n e c te d  t o  a  g a s  b u r e t t e  and
Fl & U R £ S 9 + 1 0 .
F i g u RE *?. A PPARAT US FOR Hy P R O& E N AT t 0 N AT
A r  i a o s p h e r i c  P r e s s u r e .
F i g u r e  1 0 .  Apparatus f o r  H y p r o g e n a t i o n  a t  4 S p s . i .
D i f f e r e n t i a l  P r e s s u r e .
R 6 A < r i o w  F l a s k .
/  H a s e  C l a m r
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h y d r o g e n  r e s e r v o i r  w i t h  e n t r y  an d  e x i t  f o r  e v a c u a t i n g  th e  
a p p a r a t u s  a n d  f i l l i n g  i t  w i th  h y d r o g e n .  The r e a c t i o n  f l a s k  
w as f i t t e d  w i t h  a  s m a l l  f u n n e l  a n d  s to p c o c k  t h r o u g h  w h ich  
p r o m o te r s  e t c .  c o u ld  h e  a d d e d .  The f l a s k  was s h a k e n  a t  a 
s p e e d  o f  200 d o u b le  s t r o k e s  p e r  m i n u t e .  A l l  c o n n e c t i o n s  i n  
t h e  a p p a r a t u s  w ere  o f  p l a s t i c  t u b i n g  t o  p r e v e n t  p o s s i b l e  
c o n t a m i n a t i o n  w i t h  s u l p h u r .
The p r o c e d u r e  f o r  e a c h  h y d r o g e n a t i o n  was a s  f o l l o w s  
t h e  c a t a l y s t  s o l v e n t  a n d  h y d ro g e n  a c c e p t o r  w e re  ad d ed  t o  t h e  
r e a c t i o n  f l a s k  w h ic h  was t h e n  c o n n e c t e d  up t o  t h e  r e s t  o f  
th e  a p p a r a t u s .  A i r  was d i s p l a c e d  b y  e v a c u a t i n g  t h e  a p p a r a t u s  
t h r e e  t im e s  a n d  r e f i l l i n g  i t  w i t h  h y d ro g e n .  As so o n  a s  th e  
f l a s k  w as s h a k e n  th e  t a k e  up o f  h y d ro g e n  commenced an d  was 
f o l l o w e d  th r o u g h o u t  th e  r e a c t i o n  by  n o t i n g  t h e  t im e  f o r  a b ­
s o r p t i o n  o f  s u c c e s s i v e  10 m l .  vo lum es  o f  h y d r o g e n .  C y l i n d e r  
h y d ro g e n  w as u s e d  w i t h o u t  . f u r t h e r  p u r i f i c a t i o n  s i n c e  
S k e l l y  ( 4 4 ) ,  h a d  fo u n d  t h a t  p u r i f i c a t i o n  b y  d i f f u s i o n  t h r o u g h  
a  p a l l a d i u m  th im b le  h a d  a  n e g l i g i b l e  e f f e c t  on t h e  r a t e  o f  
h y d r o g e n a t i o n .  C r a n s to u n  c o n f i rm e d  t h i s  b y  show ing t h a t  
c o m m e rc ia l  h y d ro g e n  b u b b le d  th r o u g h  Raney N ic k e l  c a t a l y s t  
( t o  rem ove p o i s o n s ) ,  was n o t  a p p r e c i a b l y  more e f f i c i e n t  t h a n  
u n t r e a t e d  h y d r o g e n , ( 7 s').
( b ) An a p p a r a t u s  f o r  h y d r o g e n a t i o n  a t  45 p . s . i .  d i f f e r ­
e n t i a l  p r e s s u r e  was a s s e m b le d .  I t  i s  i l l u s t r a t e d  i n  F ig u r e
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10  ( o p p o s i t e  p .  4-/ ) .  I t  c o n s i s t e d  o f  a  r e a c t i o n  f l a s k  o f  
150  m l .  c a p a c i t y ,  c o n n e c te d  "by means o f  r e i n f o r c e d  r u b b e r  
t u b i n g  t o  a  h y d ro g e n  r e s e r v o i r  w h ic h  was f i t t e d  w i t h  v a l v e s  
t o  a l l o w  e v a c u a t i o n  o f  th e  a p p a r a t u s  an d  f i l l i n g  w i t h  h y d r o ­
g e n .  The r e a c t i o n  f l a s k  was c lam ped  i n t o  p o s i t i o n :  i t
was s h a k e n  a t  a  r a t e  o f  250 d o u b le  s t r o k e s  p e r  m in u te .  The 
p r o c e d u r e  a d o p te d  i n  u s i n g  t h e  a p p a r a t u s  was a s  f o l l o w s : -  
t h e  r e a c t i o n  f l a s k  w i t h  c o n t e n t s  made up t o  a  volum e o f  40 m l . 
w as c la m p e d  i n t o  p o s i t i o n ;  t h e  a p p a r a t u s  was e v a c u a t e d  tw ic e  
a n d  f i l l e d  w i t h  h y d ro g e n  b y  a p p r o p r i a t e  m a n i p u l a t i o n  o f  
v a l v e s  A and  B ; v a l v e s  G an d  D w ere  opened  and  h y d ro g e n  
was a d m i t t e d  f ro m  th e  c y l i n d e r  t h r o u g h  B u n t i l  t h e  p r e s s u r e  
r e a c h e d  45 p . s . i . ;  v a l v e  B was th e n  c l o s e d .  The f l a s k  
w as s h a k e n  and  t h e  c o u r s e  o f  h y d r o g e n a t i o n  was f o l lo w e d  by 
th e  f a l l  i n  p r e s s u r e  r e g i s t e r e d  by  t h e  B o u rd o n  g a u g e .
M easu rem en t o f  R aney N ic k e l  C a t a l y s t .
The c a t a l y s t  was m e a s u re d  by c a r e f u l l y  s p o o n in g  i t  o u t  
u n d e r  a l c o h o l  i n t o  a  m e a su re  w h ic h  h a d  b e e n  c a l i b r a t e d  b y  
w e ig h in g  t h e  amount o f  c a t a l y s t  f i l l i n g  i t  t o  known g r a d u a ­
t i o n s .  The m e a su re  was c a l i b r a t e d  f o r  e a c h  p r e p a r a t i o n  o f  
R aney  N i c k e l .
P l a t i n i s a t i o n  o f  R aney  N ic k e l  (D e le p in e  an d  H o reau  ( 3 8 ) ) .
The c a t a l y s t  ( 3 .0  g . )  was s u s p e n d e d  i n  a  50 m l .  m e a s u r in g
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c y l i n d e r  t o  a b o u t  f- o f  t h e  h e i g h t  o f  th e  c y l i n d e r  b y  m eans 
o f  r a p i d  s t i r r i n g .  Aqueous c h l o r o p l a t i n i c  a c i d  s o l u t i o n  
(6 m l .  = 0 .2 2  m. m o le s )  was ad d ed  s lo w ly  o v e r  a  p e r i o d  o f  
t e n  m i n u t e s ,  f o l l o w e d  by sod ium  h y d r o x id e  s o l u t i o n  ( 0 .2  m l .
10  N ) .  The c a t a l y s t  was th e n  w ashed  t h r e e  t im e s  w i t h  d i s ­
t i l l e d  w a t e r  a n d  t h r e e  t im e s  w i t h  e t h a n o l .  I t  was t r a n s ­
f e r r e d  u n d e r  e t h a n o l  t o  t h e  h y d r o g e n a t i o n  f l a s k .
P r e l i m i n a r y  E x p e r im e n ts  on t h e  h y d r o g e n a t i o n  o f  a c e t o n e  
a n d  m e th y l  e t h y l  k e t o n e .
( a )  E f f e c t  o f  s o l v e n t .
0 .0 1  g .  m o le ,  o f  a c e t o n e  i n  20 m l .  o f  s o l v e n t  was
*
h y d r o g e n a te d  o v e r  Raney N ic k e l  c a t a l y s t  ( 0 .5  g . )  an d  a l s o  
o v e r  th e  c a t a l y s t  ( 0 . 5  g . )  p ro m o te d  w i th  sodium  h y d r o x id e  
( 1 . 0  m. m o l e . ) .  T a b le  12 su m m arise s  th e  e x p e r i m e n t a l  r e s u l t s .
T a b le  12
E f f e c t  o f  s o l v e n t  on th e  h y d r o g e n a t i o n  o f  a c e t o n e .
S o l v e n t
Time ( m i n s . )  f o r  h y d r o g e n a t i o n
Raney N ic k e l Raney N ic k e l  ♦ NaOH
M etharib l 43 31
E th a n o l 45 36
f a t e r 93 90





( b ) E f f e c t  o f  a d d e d  a i r  on t h e  r a t e  o f  h y d r o g e n a t i o n .
W i l l s t & t t e r  ( 6 6 ) ,  fo u n d  t h a t  sm ooth h y d r o g e n a t i o n  o f  
s u b s t a n c e s  s u c h  a s  p h t h a l i c  a n d  m a l e i c  a c i d s  i n  th e  l i q u i d  
p h a s e  w i t h  p l a t i n u m  c a t a l y s t  was d e p e n d e n t  on t h e  c o n t i n u e d  
p r e s e n c e  o f  s m a l l  am ounts  o f  oxygen  i n  th e  s y s te m .  The 
e f f e c t  o f  oxygen  (a d d e d  as  a i r )  on p l a t i n i s e d  Raney N ic k e l  
was t h e r e f o r e  i n v e s t i g a t e d .  M e th y l  e t h y l  k e to n e  ( 1 .0  g . )  
i n  e t h a n o l  (20  m l . )  was h y d r o g e n a te d  o v e r  p l a t i n i s e d  Raney 
N i c k e l  ( 0 . 6  g . )  t o  w h ic h  v a r y i n g  am ounts  o f  a i r  h a d  b e e n  
a d m i t t e d .  The e x p e r i m e n t a l  r e s u l t s  (T a b le  1 3 )  i n d i c a t e d  
t h a t  a i r  c a u s e d  p ro n o u n c e d  r e t a r d a t i o n .
T a b le  15
E f f e c t  o f  a d d i t i o n  o f  a i r  t o  p l a t i n i s e d  Raney N ic k e l
V o l . o f  a i r  a d d e d  ( m l . ) Time f o r  h y d r o g e n a t i o n  o f  l g .  
Me CO E t  ( m i n s . )
- 34
0 .5 34
1 . 2 60
'  2 . 5 80
5 . 0 121
C a r o t h e r s  and  Adams ( 6 7 ) ,  fo u n d  t h a t  s m a l l  am o u n ts  o f  
i r o n  s a l t s  p r o lo n g  t h e  a c t i v e  l i f e  o f  a  p l a t i n u m  c a t a l y s t  
w i t h o u t  t h e  n e c e s s i t y  o f  r e a c t i v a t i o n  w i t h  o x y g en .  When
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f e r r o u s  c h l o r i d e  ( 5 . 0  m g .)  was a d d e d  t o  p l a t i n i s e d  Raney 
N ic k e l  (©.S' g . )  th e  r a t e  o f  h y d r o g e n a t i o n  o f  m e th y l  e t h y l  
k e to n e  f e l l  f ro m  10 m l .  h y d ro g e n  a d s o r p t i o n  i n  76 s e c s ,  t o  
10  m l .  i n  100  s e c s . ,  i n d i c a t i n g  t h a t  r e t a r d a t i o n  o c c u r r e d .
( c )  E f f e c t  o f  v a r i a t i o n  i n  t h e  amount o f  c a t a l y s t .
I n  T a b le  1 4 ,  th e  r e s u l t s  a r e  r e c o r d e d  f o r  h y d r o g e n a t i o n  
o f  m e th y l  e t h y l  k e to n e  ( 0 .0 1  m o l e . )  i n  20 m l .  e t h a n o l  w i t h  
v a r i o u s  am oun ts  o f  c a t a l y s t  a t  a tm o s p h e r i c  p r e s s u r e .
T a b le  14
V a r i a t i o n  i n  t h e  r a t e  o f  h y d r o g e n a t i o n  a t  a tm o s p h e r i c  p r e s s u r e
w i t h  t h e  am ount o f  " c a t a l y s t
W t. o f  
C a t a l y s t
I n i t i a l  r a t e  
o f  h y d ro g e n a ­
t i o n ,  
m l /m in . k1 . 0
Time" o f  
H y d r o g e n a t io n
( m i n s . ) H . O
0 .5 1 5 .5 1 0 .8 55 28
1 . 0 0 1 1 .5 1 1 .5 29 29  1
1 .3 3 1 4 .3 1 0 . 8 21 28
1 . 5 0 1 6 .7 1 1 .1 18 27 11




2 .2 3 2 5 .0 1 1 .2 13 29
k-  ^ q i s  t h e  r a t e  e x p r e s s e d  a s  m l .  o f  h y d ro g e n  a b s o r b e d  p e r  
m i n u t e ,  a n d  i s  o t  h y d r o g e n a t i o n  a d j u s t e d
f o r  one gram  o f  c a t a l y s t ,  a s su m in g  t h a t  t h e  r a t e  v a r i e d
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d i r e c t l y  w i t h  th e  amount o f  c a t a l y s t .  The r e s u l t s  show 
t h a t  t h i s  w as s o .
The r e s u l t s  f o r  h y d r o g e n a t i o n  a t  45 p . s . i .  d i f f e r e n t i a l  
p r e s s u r e  a r e  g i v e n  i n  t a b l e  1 5 .  M e th y l  e t h y l  k e to n e  ( 0 .0 5  
m o l e . )  i n  e t h a n o l  (40 m l . )  was h y d r o g e n a te d  o v e r  t h e  v a r i o u s  
q u a n t i t i e s  o f  c a t a l y s t  d e t a i l e d .  The r a t e  o f  h y d r o g e n a t i o n  
w as c a l c u l a t e d  u s in g  t h e  f o l l o w i n g  e x p r e s s i o n : -
k1.0 = 105 —  <Sraith and Puzek (68)).
w h ere  k  = v e l o c i t y  c o n s t a n t  f o r  1 g .  o f  c a t a l y s t ,i  * u
TT = m ass o f  c a t a l y s t  u s e d .
= i n i t i a l  h y d ro g e n  p r e s s u r e  = i n i t i a l  g auge  
r e a d i n g  + a tm o s p h e re  p r e s s u r e .
PHi = h y d ro g e n  p r e s s u r e  a f t e r  t im e  i n t e r v a l  t .
The r a t e  e q u a t i o n  a ssu m es  t h a t  th e  r e a c t i o n  r a t e  i s  f i r s t  
o r d e r  w i t h  r e s p e c t  t o  h y d ro g e n  p r e s s u r e ,  z e r o  o r d e r  w i t h  
r e s p e c t  t o  c o n c e n t r a t i o n  o f  h y d ro g e n  a c c e p t o r ,  an d  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  m ass  o f  t h e  c a t a l y s t .
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T a b le  15
V a r i a t i o n  I n  t h e  r a t e  o f  h y d r o g e n a t i o n  a t  45 p . s . i .  d i f f e r ­
e n t i a l  p r e s s u r e  w i th  t h e  am ount o f  c a t a l y s t
W t. o f  c a t a l y s t
1 1 1 1..
k x  1 0 - 3 * 1 .0  x  1 0 - 3
! Time o f  
| H y d ro g en -  
I a t i o n  




0 .6 3 0 .6 3 1 .0 1
! ' " '
! 238| 150 1
1 . 0 3 1 .6 9 1 .6 4
I
| 79 81
1 .5 2 2 .5 5 1 .6 8 | 38 58
1 . 9 8 3 *13 1 .5 8 29\ 57
2 .8 1 4 .8 4 1 .7 2
1 21
59
3 .1 5 5 .3 3
.




W ith  t h e  s m a l l e r  am o u n ts  o f  c a t a l y s t  ( 0 . 5 - 1 . 0  g . )  some d e v i a ­
t i o n  f ro m  d i r e c t  p r o p o r t i o n a l i t y  was o b s e r v e d .
(d )  E f f e c t  o f  v a r i a t i o n  o f  t h e  i n i t i a l  h y d ro g e n  p r e s s u r e .
A c e to n e  ( 0 .0 5  m o le )  was h y d r o g e n a te d  i n  e t h a n o l  (40  m l . )  
o v e r  R aney  N ic k e l  c a t a l y s t  ( 3 . 0  g . )  w i t h  i n i t i a l  d i f f e r e n t i a l  
h y d ro g e n  p r e s s u r e s  o f  20 and  45 p . s . i .  The r e s u l t s  ( t a b l e  
1 6 )  showed t h a t  t h e  t im e  o f  h y d r o g e n a t i o n  was d e c r e a s e d  b y  
i n c r e a s e  i n  t h e  i n i t i a l  p r e s s u r e ;  t h e  r a t e  o f  h y d r o g e n a t i o n  
w as in d e p e n d e n t  o f  t h e  i n i t i a l  h y d ro g e n  p r e s s u r e .
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T a b le  16
E f f e c t  o f  i n i t i a l  h y d ro g e n  p r e s s u r e  on r a t e  o f  h y d r o g e n a t i o n
I n i t i a l  p r e s s u r e  ( p . s . i . ) t  ( m in s . ) i h . oii
20 24
I
j.  2 .2 7
45 15 j 2 .2 5
.....................- j
( e )  E f f e c t  o f  c o p p e r  and  l e a d  i n  R aney N ic k e l  a l l o y .
Bowden a n d  R e y n o ld s  ( 8 ) ,  show ed t h a t  t h e  c a t a l y t i c  a c t ­
i v i t y  o f  n i c k e l  d e c l i n e d  by  a l l o y i n g  i t  w i t h  c o p p e r .  The 
am oun ts  o f  c o p p e r  an d  l e a d  i n  t h e  n i c k e l - a l u m i n i u m  a l l o y  
u s e d  f o r  t h e  p r e p a r a t i o n  o f  Raney N ic k e l  c a t a l y s t  i n  t h e  
p r e s e n t  w o rk  w ere  t h e r e f o r e  e s t i m a t e d  -  c o p p e r  0 .0 2 $ ,  
l e a d  0 .0 1 $ .  I t  was d e c id e d  t h a t  t h e  p r e s e n c e  o f  s u c h  
s m a l l  q u a n t i t i e s  o f  t h e s e  two e le m e n t s  w o u ld  b e  u n l i k e l y  
t o  c a u s e  a n  a p p r e c i a b l e  e f f e c t  u p o n  th e  a c t i v i t y  o f  t h e  
c a t a l y s t .
( f )  A g e in g  o f  R aney N ic k e l  c a t a l y s t .
A b a t c h  o f  Raney N ic k e l  c a t a l y s t  was p r e p a r e d  and  s t o r e d  
u n d e r  e t h a n o l  i n  a  250 m l .  f l a s k .  The f l a s k  was c a r e f u l l y  
s t o p p e r e d  t o  e n s u r e  t h a t  no a i r  b u b b le  r e m a in e d .  A t v a r i o u s  
t im e s  a f t e r  th e  p r e p a r a t i o n ,  0 .0 1  g .  m o le ,  o f  a c e to n e  was 
h y d r o g e n a te d  w i t h  a p p r o x i m a te ly  0 .5  g .  o f  c a t a l y s t  i n  20 m l.
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e t h a n o l ,  an d  t h e  t im e  o f  h y d r o g e n a t i o n  was n o t e d .  A f u r t h e r  
0 .0 1  g .  m ole  a c e t o n e  was a d d e d  w i t h  a  1 .2  m. m ole  NaOH, and  
t h e  t im e  f o r  h y d r o g e n a t i o n  was a g a i n  f o u n d .  The r e s u l t s  
a r e  g i v e n  i n  t a b l e  1 7 ;  t h e  r a t e  a n d  t im e  o f  h y d r o g e n a t i o n  
w e re  a d j u s t e d  f o r  1 g .  o f  c a t a l y s t .
T a b le  17
E f f e c t  o f  a g e in g  on th e  a c t i v i t y  o f  Raney N ic k e l  c a t a l y s t
No. o f  d a y s  
a f t e r  p r e p ­
a r a t i o n  o f  
c a t a l y s t .
Raney N ic k e l Raney N ic k e l  t  NaOH
R a te  o f  
h y d r o g e n a ­
t i o n
k1 . 0  
ml .H g /m in .
Time f o r  
h y d r o g e n a ­
t i o n
t x . o
( m in s . )
R a te  o f  
h y d r o g e n a ­
t i o n
ki . q  
m l .H g /m in .
Time f o r  
h y d r o g e n a ­
t i o n
* 1 .0
( m in s . )
2 1 6 .5 19 1 7 .6 15
3 . 5 1 4 .4 20 1 7 .8 17
10 1 2 .7 24 1 5 .8 19
34 9 .0 33 1 4 .8 21





T h e re  was a  c o n s i d e r a b l e  d e c r e a s e  i n  a c t i v i t y  o f  t h e  c a t a l y s t  
w i t h  t im e  i n  a g r e e m e n t  w i t h  th e  r e s u l t s  o f  P a t t i s o n  an d  
D e g e r in g  ( 3 7 ) .  A d d i t i o n  o f  sod ium  h y d r o x id e  t o  t h e  c a t a l y s t  
was f o u n d  t o  overcom e t h e  a g e in g  e f f e c t  t o  a  c o n s i d e r a b l e  
e x t e n t  s i n c e  t h e  l o s s  i n  a c t i v i t y  o f  t h e  p ro m o te d  c a t a l y s t  
w i t h  t im e  was a p p r e c i a b l y  s m a l l e r .
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(g )  I n i t i a l  p r o m o t io n  e x p e r i m e n t s .
The e f f e c t  o f  s m a l l  d o s e s  o f  amine on th e  r a t e  o f  
h y d r o g e n a t i o n  o f  1 . 0  g .  m e th y l  e t h y l  k e to n e  i n  20 m l .  e t h a n o l  
o v e r  R aney  N ic k e l  a n d  p l a t i n i s e d  Raney N ic k e l  was i n v e s t i ­
g a t e d .  1 . 0  g .  c a t a l y s t  was u s e d  i n  e a c h  r u n .  Tow ards  th e  
e n d  o f  e a c h  e x p e r im e n t  1 . 2  m. m o le ,  sod ium  h y d r o x id e  ( s o l u ­
t i o n )  was ad d e d  t o  th e  h y d r o g e n a t i o n  sy s te m  a n d  any  e f f e c t  
on th e  r e a c t i o n  r a t e  was a g a i n  n o t e d .
T a b le  18
E f f e c t  o f  o r g a n i c  b a s e s  on R aney N ic k e l  and  P l a t i n i s e d  Raney
N ic k e l
Amount Rate of h y d ro g en a tio n ,secs .fo r  10ml. a b s o r p t i o n
o f R aney N ic k e l P l a t i n i s e d  Raney Nickel
S u b s t a n c e
s u b ­
s t a n c e  
a d d e d  
m .moles
B e fo re
a d d i ­
t i o n
o f
am ine
A f t e r
a d d i ­
t i o n
o f
am ine
A f t e r
a d d i ­
t i o n
o f
NaOH
B e f o r e
a d d i ­
t i o n
o f
am ine
A f t e r
a d d i ­
t i o n
o f
am ine
A f t e r
a d d i ­
t i o n
o f
NaOH
T r i e t h y l a m i n e 0 .0 8 70 60 - 90 60 *
T r  ime t h y l  ami ne 0 .0 8 70 73 80 85 75 35
T r i e t h a n o l a m i n e 0 .0 8 70 95 80 80 110 45
M orphoTine 0 .1 1 70■ 95 85 83 100 60
T r ib e n z y la m in a 0 .0 61 80 85 80 87 97 55
jT r ip h e n y la m in e
|
0 .0 3 10 0 115 70 1 90 | 96 42
____________
As t h e  r e s u l t s  i n  T a b le  18 show , t r i e t h y l a m i n e  p ro m o te d  
p l a t i n i s e d  Raney N i c k e l  t o  a  c o n s i d e r a b l e  e x t e n t ,  and  Raney
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N ic k e l  i t s e l f  t o  a  s l i g h t  e x t e n t . T r im e th y la m in e  p ro m o te d  
t h e  p l a t i n i s e d  c a t a l y s t  s l i g h t l y .  I n  a l l  o t h e r  c a s e s  r e ­
t a r d a t i o n  was o b t a i n e d .  The a d d i t i o n  o f  sod ium  h y d r o x id e  
overcam e t h e  r e t a r d a t i o n  and w i t h  t h e  p l a t i n i s e d  c a t a l y s t  
g av e  a  p r o n o u n c e d  p r o m o t io n  o f  t h e  h y d r o g e n a t i o n .
T e t r a e t h y l  ammonium h y d r o x id e  was f o u n d  t o  g i v e  a  p r o ­
m o t io n  e f f e c t  a lm o s t  e q u i v a l e n t  t o  t h a t  o f  sod ium  h y d r o x id e  
i n  t h e  h y d r o g e n a t i o n  o f  m e th y l  e t h y l  k e to n e  (1  g .  k e to n e  i n  
20 m l .  e t h a n o l ) ,  u s in g  p l a t i n i s e d  Raney N i c k e l .
T a b le  19
C o m p a r iso n  o f  t h e  p r o m o t io n  e f f e c t s  o f  NaOH and  t e t r a e t h y l -
ammonium h y d r o x id e
P ro m o te r
Amount o f  p r o m o te r  
a d d e d  t o  0 .5  g .  P t s e d  
R . N i .
R a te  o f  h y d ro g e n  a b s o r p ­
t i o n .  Time o f  10  m l .  
a b s o r p t i o n  ( s e c s . )
NaOH
E t 4N.0H
0 .1 2  m l .  10 N s o l n .  
0 . 1  m l .  25$  s o l n .
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A d d i t i o n  o f  t r i m e t h y i b e n z y l  ammonium h y d r o x id e  t o  th e  
h y d r o g e n a t i o n  sy s te m  o f  m e th y l  e t h y l  k e to n e  (1 . 0  g ) ,  p l a t ­
i n i s e d  R aney N ic k e l  ( 0 .5  g . ) an d  e t h a n o l  (20 m l . )  c o i n c i d e d  
w i t h  a  su d d e n  r i s e  i n  th e  r a t e  o f  h y d ro g e n  a b s o r p t i o n  f o l l o w e d  
b y  a s  su d d e n  a  f a l l  t o  a  r a t e  s u b s t a n t i a l l y  lo w e r  t h a n  t h a t  
p r i o r  t o  t h e  a d d i t i o n  o f  t h e  h y d r o x id e .  F u r t h e r  i n v e s t i g a ­
t i o n  o f  t h i s  phenom enon -  7 . 6  m l .  o f  th e  h y d r o x id e  s o l u t i o n
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( = 0 .0 1 7  g .  m o le . )  was shak en  w i t h  Raney N ic k e l  (1 g . )  i n  
e t h a n o l  (20  m l . )  i n  an  a tm o sp h e re  o f  h y d ro g e n  t o  g iv e  a n  
u p ta k e  o f  h y d ro g e n  o f  1 m ole . p e r  m o l e . o f  h y d r o x id e  -  i n ­
d i c a t e d  t h a t  h y d r o g e n o l y s i s  o c c u r r e d  t o  g iv e  t o l u e n e  
(b 1 0 9 - 1 1 0 ° ,  n ^  1 .4 9 7 0 )  an d  t r i m e t h y l a m i n e .  T h i s  r e s u l t  
i s  i n  a g re e m e n t  w i t h  t h o s e  o f  Emde a n d  K u l l  ( 6 9 ) ,  f o r  th e  
h y d r o g e n o l y s i s  o f  q u a t e r n a r y  ammonium compounds w i t h  p l a t i n u m  
c a t a l y s t .  As an  e x t e n s i o n  o f  t h i s  e f f e c t  th e  h y d r o g e n a t i o n  
o f  N - m e th y lp y r id in iu m  h y d r o x id e  was s t u d i e d .
P r e p a r a t i o n  o f  N -m eth y l p y r i d i n i u m  i o d i d e  ( 7 0 ) .
A nhy d ro u s  p y r i d i n e  (15 m l . )  p u r e f i e d  v i a  t h e  z i n c  
c h l o r i d e  com plex  (71) was r e a c t e d  w i t h  m e th y l  i o d i d e  (12 m l . )  
w h ic h  was a d d e d  s lo w ly  w i t h  c o o l i n g .  A f t e r  i  h r . ,  t h e  r e ­
s u l t i n g  c r y s t a l l i n e  m ass  was warmed on a  w a t e r  b a t h ,  more 
m e th y l  i o d i d e  b e i n g  a d d e d  u n t i l  t h e  o d o u r  o f  p y r i d i n e  d i s ­
a p p e a r e d .  E x c e s s  m e th y l  i o d i d e  was e v a p o r a t e d  o f f .  The 
N -m e th y l  p y r i d i n i u m  i o d i d e  was r e c r y s t a l l i s e d  tw ic e  f ro m  
e t h a n o l ;  m. 1 1 7 °  G.
P r e p a r a t i o n  o f  N -m e th y l  p y r id i n i u m  h y d r o x i d e .
F r e s h l y  p r e c i p i t a t e d  s i l v e r  o x id e  was p r e p a r e d  b y  
r e a c t i n g  a  s o l u t i o n  o f  AgNOg ( 2 6 .5  g .  i n  100 ml HgO) w i t h  
K0H ( 8 .7 5  g .  i n  100 ml HgO). The p r e c i p i t a t e d  o x id e  was 
f i l t e r e d  o f f  and  w ashed  w i t h  d i s t i l l e d  w a t e r .  I t  was ad d e d
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t o  a  s o l u t i o n  o f  N -m ethy l p y r id i n i u m  i o d i d e  ( 3 1 .4  g . )  i n  
1 0 0  m l .  HgO, a n d  th e  m ix tu re  was s t i r r e d  r a p i d l y  f o r  t e n  
m i n u t e s  u n d e r  n i t r o g e n  t o  p r e v e n t  a b s o r p t i o n  o f  c a r b o n  d i ­
o x id e  . The s o l u t i o n  o f  N -m e th y l  p y r i d i n i u m  h y d r o x id e  was 
t h e n  f i l t e r e d  f r e e  o f  s i l v e r  i o d i d e  and  e s t i m a t e d  b y  t i t r a ­
t i o n  w i t h  s t a n d a r d  HG1 .
H y d r o g e n a t io n  o f  N -m ethy l p y r id i n i u m  h y d r o x i d e .
A s o l u t i o n  o f  N -m ethy l p y r i d i n i u m  h y d r o x id e  (0 .0 9 5  m o l e . )  
i n  w a t e r  (200 m l . )  was h y d r o g e n a te d  a t  45 p . s . i .  h y d ro g e n  
p r e s s u r e  o v e r  5 g .  Raney N ic k e l  c a t a l y s t .  A p p ro x im a te ly  
3 m o le s ,  o f  h y d ro g e n  w ere  a b s o r b e d .  A f t e r  f i l t e r i n g  o f f  
t h e  c a t a l y s t  t h e  s o l u t i o n  was s a t u r a t e d  w i t h  p o t a s s iu m  c a r ­
b o n a t e  an d  e x t r a c t e d  w i t h  e t h e r  (3 x  100  m l . ) .  The e t h e r  
e x t r a c t  was d r i e d  o v e r  MgSO^. The e t h e r  was d i s t i l l e d  o f f  
a n d  t h e  r e s i d u e  was d i s t i l l e d  t o  g iv e  two amine f r a c t i o n s .
(1 )  ^  y i e l d ,  i d e n t i f i e d  a s  N - m e th y l -
7 5 0  p i p e r i d i n e  by  c o m p a r iso n  w i t h  a n  a u t h e n t i c  
s p e c im e n ;  p i c r a t e  d .2 2 8 ° .
(2 )  a  b a s i c  f r a c t i o n  b-, ^ 1 4 0 - 1 ° ,  56$ y i e l d ;  a n a l y s i s
G 7 3 . 2 ,  H 1 2 .3 ?  N 1 4 . 2 ,  M.W. 1 9 5 .
The s e c o n d  f r a c t i o n  was fo u n d  t o  b e  a  t e r t i a r y  has® w h ic h  
was r e a d i l y  s o l u b l e  i n  w a t e r  and  e x t r e m e ly  h y g r o s c o p i c .  I t  
w o u ld  a p p e a r  t o  b e  i d e n t i c a l  w i t h  1 : 1 ^ - d i m e t h y l - 4 : 4 ^ - d i p i p e r -  
i d y l  (C 7 3 . 4 ,  H 1 2 . 3 ,  N 1 4 . 3 ,  M.W. 196)  w h ic h  was o b t a i n e d  b y
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O c h ia i  an d  K a ta e k a  (5 2 )  by  e l e c t r o l y t i c  r e d u c t i o n  o f  
N - m e th y lp y r id in iu m  m e t h o s u l p h a t e . I t  gave  a  p i c r a t e  
(G 4 4 . 0 ,  H 4 . 9 ,  N 16.7,* c a l c .  C 4 4 . 0 ,  H 4 . 6 ,  N 1 7 . 1 )  w h ich  
decom posed  a t  22 0 °  ( c f .  O c h ia i  and  K a ta « k a ,  d .  2 2 5 ° ) .
H y d r o g e n a t io n  o f  N -m eth y l p y r i d i n i u m  i o d i d e .
N -m e th y l  p y r id i n i u m  i o d i d e  ( 1 1 .1  g . )  i n  w a t e r  (40 m l . )  
was h y d r o g e n a te d  a t  45 p . s . i .  h y d ro g e n  p r e s s u r e  o v e r  5 g .
R aney  N ic k e l  c a t a l y s t .  When t h e  p r o d u c t  was w o rk ed  u p ,  
N -m e th y l  p i p e r i d i n e  was o b t a i n e d  i n  6 2 $  y i e l d  an d  1 : 1 ’ -  
d i m e t h y l - 4 : 4 t - d i p i p e r i d y l  i n  10$  y i e l d .  B a r i t r o p  and
T a y l o r  ( 4 7 ) ,  o b t a i n e d  N - m e t h y lp i p e r i d i n e  i n  90$  y i e l d  by  
h y d r o g e n a t i n g  q u a t e r n a r y  s a l t s  o f  p y r i d i n e  i n  e t h a n o l  o v e r  
R aney N ic k e l  i n  t h e  p r e s e n c e  o f  d i e t h y l a m i n e  a t  1 4 0 °  and 
60 a t s .  h y d ro g e n  p r e s s u r e .  O th e r  i n v e s t i g a t o r s  ( 4 8 ,4 9 , 5 0 ,  
5 1 ) ,  s t u d i e d  t h e  c a t a l y t i c  r e d u c t i o n  o f  s u b s t i t u t e d  p y r id i n i u m  
s a l t s  and  r e p o r t e d  t h e  p r o d u c t i o n  o f  th e  c o r r e s p o n d i n g  
p i p e r i d i n e .
P r o m o t io n  o f  t h e  h y d r o g e n a t i o n  o f  k e to n e s  o v e r  Raney N ic k e l  
-  c a t a l y s t .
I n  co m p ar in g  v a r i o u s  m eth o d s  o f  p r o m o t io n  o f  Raney N ic k e l  
i n  t h e  h y d r o g e n a t i o n  o f  k e t o n e s ,  t h e  s t a n d a r d  scheme a d o p te d  
was t h e  d e t e r m i n a t i o n  o f  t h e  t im e  o f  h y d r o g e n a t i o n  o f  0 .0 1  g .  
m ole o f  k e to n e  o v e r  0 . 5  g .  Raney N ic k e l  i n  20 m l .  e t h a n o l  
a t  a tm o s p h e r i c  h y d ro g e n  p r e s s u r e .  The f o l l o w i n g  c a t a l y s t
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s y s te m s  w ere  s t u d i e d
( a ) 0 .5  g .  Raney N i c k e l ,
(b) 0 .5  g .  Raney N ic k e l  + 1 . 2  m. m o les  NaOH (a s  a  
aque  ous s o l u t  i  o n ) ,
ION
<o) 0 . 5  g .  Raney N ic k e l  + 0 . 3 3  m l. E tgN ,
(d) 0 . 5  g . ^ P l a t i n i s e d  Raney N ic k e l  
( D e l e p i n e ’s p r o m o t io n  m eth o d
+ 1 . 2  m. m o les  
( 3 8 ) , ) ,
NaOH
( e ) 0 . 5  g .  P l a t i n i s e d  Raney N ic k e l  
NaOH + 0 . 3 3 ' m l.  E t^N ,
♦ 0 . 1 2  m. m oles
<£) 0 .5  g .  Raney N ic k e l  t  0 . 3 3  m l.  E t 3N 0 . 0 3 7  m. 
m o le s  HgPtClg ( L i e b e r ’ s m eth o d  ( 4 5 ) ) ,
( s ) 0 . 5  g .  Raney N ic k e l  + 0 . 3 3  m l.  
m o les  HgPtGlg * 1 . 2  m. m o les
E t 3N ■* 0 . 0 3 7  m. 
NaOH.
W ith t h e  c y c l o p e n t a n o n e s , 0 .0 5  mole . o f  k e to n e  was h y d r
g e n a t e d  o v e r  2 . 0  g ,  Haney N ic k e l  a n d  th e  q u a n t i t i e s  o f  p r o ­
m o te r s  w ere  i n c r e a s e d  p r o p o r t i o n a t e l y .
The v a r i o u s  p r o m o t io n  m eth o d s  w ere  a l s o  s t u d i e d  i n  h y d r o ­
g e n a t i o n s  a t  45  p . s . i .  d i f f e r e n t i a l  h y d ro g e n  p r e s s u r e ,  u s i n g  
3 g .  R aney N ic k e l  w i t h  0 .0 5  g .  m ole o f  k e to n e  i n  40 m l .  
e t h a n o l .  I n  t h i s  c a s e  th e  c a t a l y s t  s y s te m s  s t u d i e d  w ere
( a )  3 g .  R aney  N i c k e l ,
(h )  3 g .  P l a t i n i s e d  Raney N ic k e l  + 6 . 0  m. m o les  NaOH,
(c )  3 g .  Raney N ic k e l  + 2 m l . Et~N -» 0 .2 2  m. m o les
H2P t C l 6 ,
(d )  3 g .  R aney  N ic k e l  f  2 m l .  Et~N .* 0 .2 2  m. m o les
H g P tC l0 + 6 . 0  m. m o les  NaOH.
As a n  e x a m p le ,  t h e  r e s u l t s  o b t a i n e d  f o r  a c e to n e  a r e  
g i v e n  i n  d e t a i l  b e lo w .
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T a b le  20
H y d r o g e n a t io n  o f  A ce to n e  a t  A tm o sp h e r ic  P r e s s u r e
H y d ro g e n a ­
t i o n
S y s te m
V o l . o f  
Hg a b ­
s o r b e d  
( m i s )
Time f o r  
a b s o r p ­
t i o n  
( m in s )
T ...............n|  H y d ro g en a -  
|  t i o n  
I S y s tem
V o l . o f  
Hg a b ­
s o r b e d  
(m is )
Time f o r  1 
a b s o r p -  i 
t i o n  j 
( m in s ) 1
a ) 1 50 7 j! *>) 50 3 . 9  :
R .N i . 1 0 0 1 3 .6 1 0 .5  g .R .N i 1 0 0 7 . 9
( 0 .5 g ) 150 2 0 .3 150 1 1 .9
200 2 8 .8 2 0 0 1 6 .9  :
220 3 4 .3 \i *• 1 . 2  m .m o le . 220 1 9 . 9
......_  ........ 230 3 9 .3 t NaOH | 230 2 3 .4
o) 50 4 .3 it j




150 1 4 .9 !
+ 0 .3 3  ml 200 2 1 .2 i
E t 3H 230 27 M
240 31 I
d ) 50 3 .9
f
; e ) 50 5 |
0 . 5  g P t s e d 1 0 0 8 . 2 O.ST g P t s e d 1 0 0 1 0 .2 5  j
R .N i  * 150 1 2 .4 \\ R .N i + 1 . 2  m. 150 1 5 .5  !
1 . 2  m .m ole 2 0 0 1 7 .5 ;* m ole NaOH ! 200 1 2 3 .2 5  !
NaOH 2 2 0 19 * 0 .3 3  ml 1 220 2 5 .4
230 21 il Et~N,ii .. „ P ■ ■, - i 230t 2 8 .4....................  .. .L" •• -.-
V o l . o f Time f o r I V o l . o f
f  :
j Time f o r  ■;
H y d ro g e n a ­ H a b ­ a b s o r p ­ H y d ro g en a - I Hg a b - 1a b s o r p -
t i o n s o r b e d t i o n t i o n i s o r b e d | t i o n
S y s te m (m is ) ( m in s ) | S y s te m ( m is ) ! ( m in s ) I
f ) 50 3 .2 5 .! g ) 1 50 2 .5  J
0 .5  g . R .N i . 1 0 0 6 .6 ti 1 0 0 5 .1
* 0 .3 3  ml 150 9 .9 i As i n  ( f ) 150 7 .7 5  f
E t 3N ♦ 0 .0 3 7 200 1 4 .3 1 * 1 . 2  m .m ole ! 200 \ ! ° . 5  j
m. m ole 230 20 NaOH 220 : 1 3 .1  1
H gPtClg 240 25 r 230 ; i 6 |
T a b le  21
H y d r o g e n a t io n  o f  A ce to n e  a t  45 p . s . i .  h y d ro g e n  p r e s s u r e
H y d ro g e n a ­
t i o n
S y s te m
P a l l  i n  
Hg P r e s ­
s u r e  
( l b s . )
Time 
( m in s )
j H y d ro g en a -  
; t i o n  
fj S y s tem
P a l l  i n  
Hg P r e s ­
s u r e  
( l b s . )
ti
Time | 
(m in s )  1
i\
a ) 1 . 0 2 f b ) 0 . 8
\
i  i
3 g . R .N i . 2 . 0 4 .5 * 3 g .  P t s e d 1 . 8 2 !
3 . 0 7 Y: R .N i 4 2 . 8 2 .7 5  1
4 . 0 1 0 Is 6 . 0  m. m ole 3 . 8 4 i4 . 8 13 i{ NaOHi] 4 . 85 . 0
5 i 
7 . 5  1
c ) 1 . 4 1 I: d ) 1 1 . 2
]
0 .7 5  j
3 g .R .N i  * 2 . 4 2 j As i n  ( c ) ! 2 . 2 1 . 5  !
2 ml Et~N 3 . 4 3 j! * 6 . 0  m .mole 3 .2 2 .2 5  ;
+ 0 . 2 2  m .m ole 4 . 4 4 1 NaOH. 4 .2 3 . 0  j
H gP tC lg 5 . 0
1
i
7 j 5 . 0 4 .5  1! t
R e c o v e ry  and  i d e n t i f i c a t i o n  o f  th e  a l c o h o l  p r o d u c t  o f  
h y d r o g e n a t i o n  o f  k e t o n e s *
A f t e r  c o m p le t i o n  o f  h y d r o g e n a t i o n ,  th e  s o l u t i o n  o f  t h e  
h y d r o g e n a t i o n  p r o d u c t  i n  e t h a n o l  was f i l t e r e d  f r e e  from  
R aney N ic k e l  c a t a l y s t  w h ich  was t h e n  w ash ed  w i t h  6 x  15 m l .  
e t h a n o l .  A l i t t l e  h y d r o c h l o r i c  a c i d  was ad d e d  t o  n e u t r a l i s e  
any  f r e e  a l k a l i .  The e t h a n o l  was rem oved  by  d i s t i l l a t i o n  
u n d e r  r e d u c e d  p r e s s u r e  t h r o u g h  a  s i x  i n c h  b e a d  p a c k e d  co lum n. 
The l a s t  few  m l .  o f  e t h a n o l  was rem oved  by a z e o t r o p i c  d i s ­
t i l l a t i o n  w i t h  b e n z e n e .  The colum n was w ashed  o u t  w i t h  
b e n z e n e  an d  t h e  b e n z e n e  s o l u t i o n  o f  t h e  h y d r o g e n a t i o n  p r o d u c t  
was w ash ed  w i t h  w a t e r  (1 0  m l . )  t o  rem ove any  i n o r g a n i c
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m a t e r i a l .  The w a te r  was i n  t u r n  e x t r a c t e d  w i t h  “b en zen e
(20  m l . ) .  The com bined  b e n z e n e  e x t r a c t s  w e re  d r i e d  (MgSO^.),
b e n z e n e  was rem oved  b y  d i s t i l l a t i o n ,  a n d  f i n a l l y  t h e  r e s i d u e  
was d i s t i l l e d .  The r e c o v e r y  o f  t h e  a l c o h o l  p r o d u c t  v a r i e d  
f ro m  c . 8 0 $  f o r  th e  more v o l a t i l e  t o  c . 9 5 $  f o r  t h e  h i g h -  
b o i l i n g  l e s s  v o l a t i l e  a l c o h o l s .  They w ere  i d e n t i f i e d  a s  
3 : 5  d i n i t r o b e n z o a t e s  ( 7 2 ) .  I n  t h o s e  c a s e s  w h ere  t h e  
3 : 5  d i n i t r o b e n z o a t e  was n o t  l i s t e d  i n  t h e  l i t e r a t u r e ,  a  
n i t r o g e n  a n a l y s i s  was done i n  o r d e r  t o  c o n f i r m  i t s  c o m p o s i­
t i o n  ( t a b l e  2 2 ) .
T a b le  22
3 :5  d i n i t r o b e n z o a t e s  o f  c e r t a i n  a l c o h o l s
j 5 : 5 - d i n i t r o b e n z o a t e  j
A1 c o h o l  m 'N i t r o g e n  a n a l y s i s  g
________________  1 *_____ P o u n d . j C a l c ,  i
3 - h e p t a n o l i 5 4 -5 5 9 .2 0  ; 9,.03
e t h y l  p h e n y l  c a r b i n o l ; 6 9 -7 0 8 .6 0  ; 8 ..49
2 : 2 - d im e t h y l c y c l o h e x a n o l |1 0 6 -1 0 7  ! 8 .5 2  j 8 .70
2 : 2 :6 :6 - t e t r a m e t h y l c y c l o h e x a n o l 1 5 8 -1 5 9  ; 7 .9 1  | 8 ..00
2 “: 2 -d im e  t h y l c y  c l  o p e n ta n o l ,7 0 .5 -7 2 9 .1 3 9..09
C o m p ar iso n  o f  t h e  a g e in g  o f  Raney N ic k e l  a n d  Raney N i c k e l - 
P l a t i n u m  c a t a l y s t s .
The e f f e c t  o f  a g e in g  upon  th e  a c t i v i t y  o f  Raney N ic k e l
p r e p a r e d  from  a n  a l l o y  o f  4 9 $  N i ,  49$ A1 an d  2 $  p l a t i n u m  was
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f o u n d  "by m e a s u r in g  t h e  t im e  f o r  h y d r o g e n a t i o n  o f  a c e to n e  
( 0 . 0 1  m o l e . )  i n  e t h a n o l  (2 0  m l . )  o v e r  0 . 5  g .  o f  c a t a l y s t ,  
an d  o v e r  0 .5  g .  c a t a l y s t  p ro m o te d  w i t h  1 .2  m. m o le .  NaOH.
The r e s u l t s  i n  t a b l e  23 a r e  com pared  w i t h  t h o s e  f o r  s t a n d a r d  
Raney N ic k e l  t a k e n  from  t a b l e  1 7 .
T a b le  23
C o m p a r iso n  o f  t h e  a g e in g  o f  Raney N ic k e l  a n d  Raney N ic k e l
P la t in u m  c a t a l y s t .
Raney N ic k e l  f R aney N i-P Jj  •
No. o f  | 
days  
a f t e r  
p r e p a r a - * 
t i o n  o f  
c a t a l y s t
Time f o r  
h y d r o g e n a ­
t i o n  o v e r  
R .N i .
^ 1 . 0 ^m^ns  ^
Time f o r  jN o. o f  
h y d ro g e n a -  j d a y s  
t i o n  o v e r  j a f t e r  
R .N i .  4 *  1 p r e p a r a -  
NaOH j t i o n  o f  
(t-j^Q ( m in s ) j c a t a l y s t
Time f o r  
h y d r o g e n a ­
t i o n  o v e r  
R .N i - F t  
t ^  ^ (m in s )
Time f o r  
h y d r o g e n a ­
t i o n  o v e r  
R . N i - P t .
♦  NaOH
^1  . o ^ m i n s )










1 1 9  !
1 !
’ i ..............-...... -
|
The r e s u l t s  i n d i c a t e d  t h a t  t h e  N i - P t  a l l o y  c a t a l y s t  
r e t a i n e d  much o f  i t s  i n i t i a l  a c t i v i t y  f o r  a  l o n g e r  t im e  t h a n  
R aney  N ic k e l  c a t a l y s t .
A d s o r p t i o n  o f  sod ium  h y d r o x id e  by R aney  N ic k e l  c a t a l y s t .
6 . 0  m. m ole NaOH ( e q u i v .  t o  5 9 .4  ml 0 .1 0 1 7  N HC1) was 
a d d e d  t o  3 g .  Raney N ic k e l  i n  40 ml EtOH, a n d  s h a k e n  up i n  
a n  a tm o s p h e re  o f  h y d ro g e n  f o r  t e n  m i n u t e s .  The e t h a n o l
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was f i l t e r e d  o f f ,  and  e v a p o r a t e d  down; w a t e r  w as ad d e d  and  
t h e  s o l u t i o n  t i t r a t e d  w i t h  HC1 s o l u t i o n .  T i t r e  -  1 9 .2  m l .
The e x p e r im e n t  was r e p e a t e d ,  t h e  e t h a n o l  was f i l t e r e d  
o f f ,  an d  t h e  c a t a l y s t  w ashed  w i t h  6 -1 5  ml l o t s  o f  e t h a n o l .  
The e t h a n o l  was e v a p o r a t e d  down a n d  w a t e r  a d d e d ,  t i t r a t i o n  
w i t h  HC1  gave  t h e  f o l l o w i n g  t i t r e  -  3 1 .9  m l .  T h e se  r e s u l t s  
i n d i c a t e d  t h a t  t h e  sodium  h y d r o x id e  was s t r o n g l y  a d s o rb e d  
on t h e  c a t a l y s t  s u r f a c e .
C o m p a r iso n  o f  LiOH and  NaOH a 3 p r o m o te r s  o f  R aney  N ic k e l  
C a t a l y s t .
0 . 0 1  g .  mole* o f  v a r i o u s  k e to n e s  was h y d r o g e n a t e d  w i th  
0 .5  g .  c a t a l y s t ,  u n p ro m o ted  and  p ro m o te d  w i t h  NaOH ( 1 .2  m. 
m o l e . )  a n d  w i t h  LiOH ( 0 .3  m. m o l e . ) .  The r e s u l t s  o f  t a b l e  
24  i n d i c a t e d  t h a t  LiOH was a b o u t  20$  more e f f i c i e n t  t h a n  
NaOH a s  a  p r o m o t e r .
T a b le  24
C o m p a r iso n  o f  t h e  p r o m o t io n  e f f e c t s  o f  LiOH and  NaOH
T ime o f  h y d r o g e n a t i o n  (mins 7
K etone S. N i.  
(u n p ro m o ted )
h .  N r.
p ro m o te d  by  
NaOH
T I T -----1
p ro m o te d  b y  j 
LiOH i
A c e to n e 39 31 25 i
M e th y l  e t h y lj j 54 35 30f
i m e th y l  n - p r o p y l£ ! 70II
41 34
l





P ro m o t io n  o f  a d s o r p t i o n  o f  h y d ro g e n  on R aney  N ic k e l  c a t a l y s t  
b y  sodium  h y d r o x i d e .
R aney N ic k e l  c a t a l y s t  ( 3 .0  g . )  i n  e t h a n o l  was s h a k e n
i n  a n  a tm o s p h e re  o f  h y d ro g e n  u n t i l  no f u r t h e r  a b s o r p t i o n  o f
h y d ro g e n  o c c u r r e d .  On a d d in g  3 .0  m. m o le .  NaOH, f u r t h e r
a b s o r p t i o n  o f  H ydrogen  was o b s e rv e d  ( t a b l e  2 5 ) .
T a b le  25
P r o m o t io n  o f  a d s o r p t i o n  o f  h y d ro g e n  on R aney N ic k e l  b y  NaOH
Age o f  R aney  N ic k e l  
c a t a l y s t
j A d s o r p t i o n  o f  h y d ro g e n  ( m l . )  j 
I a f t e r  a d d i t i o n  o f  3 . 0  m .m ole i 
1 NaOH 1
4 h r s .
! ! 
! 1 4 .8  ;
24 d ay s
| ■ 
| i 4 . x  . ;
j .  -------------------------------- i
H y d r o g e n a t io n  o f  c y c l o h e x e n e .
O y c lo h e x e n e  ( 0 .0 1  m o le . )  i n  e t h a n o l  (2 0  m l . )  was h y d r o ­
g e n a t e d  o v e r  a )  0 .5  g .  Raney N ic k e l  c a t a l y s t ,  and  b )  0 .5  g .  
c a t a l y s t  t o  w h ic h  0 .3  m. m ole NaOH h a d  b e e n  a d d e d .  The 
c o u r s e  o f  h y d r o g e n a t i o n  i s  g i v e n  i n  t a b l e  2 6 .
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T a b le  26 
H y d ro g e n a t io n  o f  c y c lo h e x e n e
a ) H ydrogen  
a b s o r p t i o n  ( m l . )
Time j b ) 
( m in s . )  t
H ydrogen  
a b s o r p t i o n  ( m l . )
Time 
( m in s . )  !
50
' 1
2*4 I 50 2 .3
1 0 0 4 .7  1
!
1 0 0 4 .7
150 6 .9  | 150 7 . 2
200
5
9 . 4  I1 200
9 .9
210 1 0 . 0  ! 2 10 1 1 . 0
j 220 1 2 . 0  j 220 1 4 .0
■
The r e s u l t s  i n d i c a t e d  t h a t  sod ium  h y d r o x id e  r e t a r d e d
t h e  r e a c t i o n .
H y d r o g e n a t io n  o f  n i t r o b e n z e n e .
N i t r o b e n z e n e  ( 0 .5  g . )  was h y d r o g e n a t e d  s i m i l a r l y .  The 
c o u r s e  o f  h y d r o g e n a t i o n  i s  g i v e n  i n  t a b l e  2 7 .
T a b le  27 
H y d r o g e n a t io n  o f  n i t r o b e n z e n e
a ) H ydrogen  
a b s o r p t i o n  ( m l . )
Time 
( m in s . )
b ) H ydrogen  
a b s o r p t i o n  ( m l . )
Time 
(m ins •)
50 3 .3 50 3 .0
1 0 0 6 .2 5  ii
1 0 0 6 .2 5
150
I
9 .6  |• 150 9 .0
200 1 2 . 9  | 200 1 2 .2 5
j  250 1 6 .3 250 1 5 .7 5
'
300 2 0 .3 300 1 8 .5
350 ‘ 2 9  340 2 6 .0
6 3
I t  was fo u n d  t h a t  a l t h o u g h  sodium  h y d r o x id e  h a d  no e f f e c t  
on t h e  i n i t i a l  r a t e ,  I t  gave  a  s h a r p e r  c o m p le t io n  o f  t h e  r e ­
a c t i o n .
E f f e c t  o f  am ount o f  NaOH on th e  p r o m o t io n  o f  Raney N ic k e l  i n  
t h e  h y d r o g e n a t i o n  o f  a c e t o n e .
A c e to n e  ( 0 .0 1  m o le )  was h y d r o g e n a te d  o v e r  R aney  N ic k e l  
( 0 .5  g . )  i n  e t h a n o l  (2 0  m l . )  t o  w h ic h  sod ium  h y d r o x id e  s o l u ­
t i o n  ( 0 .1  m l . )  h ad  b e e n  a d d e d .  The p r o m o t io n  e f f e c t  c a u s e d  
b y  sod ium  h y d r o x id e  s o l u t i o n s  o f  i n c r e a s i n g  s t r e n g t h  was f o u n d  
b y  m e a s u r in g  th e  t im e  o f  h y d r o g e n a t i o n .  The r e s u l t s  a r e  g i v e n  
i n  t a b l e  2 8 .
T a b le  28
E f f e c t  o f  am ount o f  NaOH on t h e  p r o m o t io n  Raney N i c k e l .
N o r m a l i ty  o f  
NaOH s o l u t i o n
Time o f  
h y d r o g e n a t i o n  
(m in s •)
N o r m a l i ty  o f  
NaOH s o l u t i o n
S'ime o f  j 
h y d r o g e n a t i o n  
( m in s . )
0 4 3 ;  42 2 25 |\
0 . 1 39 2 .2 5 25 1
0 .2 5 34 2 .5 26 ]
0 . 5 30 3 25
0 .7 5 3 0 ;  29 4 26 j
1 . 0 2 6 ;  27 5 2 7 ;2 8  j
1 .2 5 26 7 30 if
1 .5 26 9 3 2 ,3 1
1 .7 5 26 1 ^
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The Promotion of Raney Nictiel Catalysts.
By. R obert B. Blance and David T. Gibson\,
[Reprint Order No. 5206.]
Delepine has shown that in the hydrogenation of ketones, Raney nickel 
is promoted'by treatment with chloroplatinic acid followed by sodium hydr­
oxide. Lieber has shown that treatment' with triethylamine and chloro­
platinic acid is also effective. We find that a combination of the two techniques 
is-better than either, and that lithium hydroxide can, with advantage, replace" 
sodium hydroxide.
iN-addition to  successive improvements (Adkins, J . Amer: Chem. Soc., 1948, 70, 695) in the 
preparation of Raney nickel catalysts it has been shown th a t  for m any reductions the cata­
lyst is prom oted by treatm ent with sodium hydroxide, chloroplatinic acid; triethylamine, 
etc. Delepine and Horeau [Bull. Soc. chim., 1937, 4; 31) found th a t Raney nickerplatinised 
with chloroplatinic acid solution was substantially promoted for reduction of the carbonyl 
group, bu t not of double bonds, by treatm ent with a little aqueous sodium hydroxide. 
Lieber and Sm ith (J .. A'mer. Chem. Soc., 1936, 58 ,1417) added to Raney nickel'tfiethylamine 
followed by chloroplatinic acicV solution. The sparingly soluble triethylam ine chloro- 
platinate deposited’ platinum  on the catalyst,, so th a t the platinising is probably more 
uniform than  by direct addition of chloroplatinic acidTo the nickel suspension, for then the 
first particles to encounter the solution would be overplatinised and the remainder un­
platinised. The possibility of uneven platinising is confirmed by Delepine and Horeau’s 
observation (loc. cit.) th a t whereas Raney nickel dissolves completely in dilute acid; 
platinised Raney nickel always leaves >a‘small nickel-containing:residue. Heilman, Dubois, 
and Beregi (Compt. rend., 1946, 223, 737), using Raney nickel W l, reported the superiority












4-MfethylcycZohexanone   ...................
2-MethylcycZohexanone .....................
2': 2’-Dimethylcytfohexanone .............
2 : 2.: O-Trimethylcyc/ohexanone ......








P t + E taN' E t3N -f P t
None NaOH E t3N NaOH +  Pt +  NaOH
Reaction at 1 atm.
39 24- 31 21 25' 16
52,- 38 47 27 47 19
76 36 64' 30 83' 21
77 57 83 33 93 25'
78 53 — 35 126 27-
80 — — 37 221 27"
82' — — 38- 265 34
% _ — 253 X i.
40, 40 — 211 37- 17
60 45. — 23 36 20
88' 65 — 45 16'1: 32'
93 70 — . 49' 167 32
472.’ ____ — 264. i- 200
i — — 1600 — 1600
580 — — 329- _ 153
57 30 38 19- 15 14-
90 55 65 34 24 24
70 40 39 38 34 16
Reaction at 3 atm.
24 — — 11-5 15 9-
24' — — 11 15 9
— —  ' — i — •720
i =  incomplete reaction; x =  no absorption of hydrogen.
of Delepine’s method " sur un grand nombre d ’autres composees a fonction carbonyle.” We 
compared the two methods for the reduction of ketones by using Raney nickel YV4, and we 
found th a t for aliphatic and alicyclic ketones Delepine’s method was superior, bu t th a t with 
some aromatic ketones, Lieber’s method was slightly better. Further, we found th a t in all 
cases a combination of the two techniques, i.e., platinising the catalyst by using triethyl­
amine (Lieber), followed by addition of sodium hydroxide (Delepine), was superior to either. 
The rates of hydrogenation at 1 and at 3 atmospheres pressure were invariably increased, 
usually by as much as 20%. Table 1 shows th a t while Lieber’s catalyst is fairly efficient 
for acetone and cyc/ohexanone, its performance is considerably poorer for higher ketones. 
Sodium hydroxide, however, extends the range of efficiency and also retards the ageing of 
the catalyst.
The prom oted ca ta ly st (0-5 g.), ethanol (20 m l.), the ketone (10 m m oles), and 10N-sodium  
hydroxide (1— 2 m m oles) were shaken w ith  hydrogen at 200 double strokes per m inute. The 
best results were obtained w ith  a ca ta ly st prom oted by  adding tr iethylam in e (3-3 m m oles), 
chloroplatinic acid (0-04 m m oles) and finally 10N-sodium  hydroxide (1-2 m m oles) to  a rapidly  
stirred suspension of R an ey  nickel ca ta ly st (0-5 g.). The ca ta lyst w as th en  w ashed three tim es  
w ith  distilled  w ater and three tim es w ith  alcohol. K etones and so lv en t were left overn ight in 
contact w ith  R an ey  nickel to  rem ove poisons and were filtered and red istilled . T he R aney  
nickel ca ta ly st w as prepared from M urex 50% n ickel-a lum iniu m  A lloy  (80 to  dust) b y  A d kin ’s 
and P a v lic ’s m ethod (J. Amer .  Chem. Soc., 1946, 68, 1471) for R an ey  nickel ca ta ly st W 4.
Since P atterson and D egering (J. Amer .  Chem. Soc., 1951, 73, 611) have reported poisoning  
of R an ey  nickel b y  chloride ion, w e avoided th e  use of chloroplatin ic acid b y  preparing the  
cata ly st from a specia lly  m ade a lum inium -n ickel a lloy containing 2% of p latinum . T able 2 
show s th a t th is ca ta ly st is not on ly  better  than  the unprom oted ca ta lyst, b u t is at least as 
efficient and m uch easier to  use than  our prom oted ca ta lyst for the m ore difficult hydrogenations.
T a b l e  2. Times of hydrogenation of ketones with Raney nickel catalysts perpared from  Ni-Al
containing 2% of platinum.
Un- Promoted ' Un- Promoted
promoted by NaOH promoted by NaOH
Dim ethyl ketone ............ 41 23 2 : 2 ' :  6-Trimethyleyc/o-
cyc/oHexanone ................  40 27 hexanone   352 159
2-MethylcycZohexanone ... 54 28 (-J-)-Camphor   273 155
Since the com pletion  of these experim ents, Cornubert and Phfilisse [Bull.  Soc.  chim.,  1952, 19, 
403) have confirm ed th a t R an ey  nickel is poisoned b y  chloride ion, b u t show ed th a t  a t a 
chlorine : ca ta ly st ratio of 1 : 100 the effect is scarcely detectable. As w e had used 1 m ole of 
chloroplatinic acid per 500 m oles of cata lyst, it  is ev id en t th a t even  if none of th e  liberated  
chloride had been rem oved in the subsequent w ashing, its effect on the ca ta ly st w ould have been  
negligible.
The promoting effect of sodium hydroxide has been ascribed by Dupont and Piganiol 
{ibid., 1939, 6, 322) to localised adsorption of ketone on areas containing adsorbed 
sodium ions. Assuming th a t the hydrogen is adsorbed on areas free from sodium, they 
postulated th a t reaction takes place at the boundaries. While their view m ay account for 
the existence of an optimum amount of sodium hydroxide (which we found to be 0-4 mmole 
per g. of c a ta ly s t) (cf. Cornubert and Kaziz, ibid., 1952, 19, 410) it suggests th a t sodium 
hydroxide should, in the absence of an acceptor, diminish the am ount of hydrogen 
taken up by Raney nickel. Actually, we found tha t addition of sodium hydroxide caused 
adsorption of an additional 5 ml. of hydrogen per g. of nickel. Our results are more in 
harmony with Bremner and Keey’s views ( / .,  1947, 1079) th a t the catalyst may be regarded 
as an electron donor or acceptor, and th a t addition of electropositive ions to it will tend to 
increase its electron-donor characteristics, so tha t alcohol will tend to be desorbed. The 
increased rate of hydrogenation of carbonyl compounds following the addition of alkali may 
therefore be due to an increase in the catalyst area made available by the more rapid de­
sorption of the alcohol resulting from the reduction.
In a study of the catalytic reduction of ethylenes in solution in various alcohols, Schmidt 
(Z. physikal. Chem., 1936, A, 176, 254) considered tha t a measure of the relative affinities of 
the solvent and of the ethylene for the catalyst, surface was given by the ratio of their heats
of vaporisation. Thus, where the ratio was large, reaction was slow because of a preferen­
tial adsorption of solvent molecules on the surface, tending to prevent access of ethylene.
A similar correspondence was noted in the present w ork ; the activity of the catalyst was 
enhanced by the presence of sodium hydroxide in cases where the heat of vaporisation of 
the product is substantially greater than th a t of the original ketone. This is confirmed by 
the results of Samuelson, Garik, and Smith (J. Amer Chem. Soc., 1950, 72, 3872) for the 
m ajority of simple nitro-compounds examined. On the other hand the ratio of the heats 
of vaporisation of cyclohexene and cyc/ohexane is nearly unity  and addition of sodium 
hydroxide slightly retards reaction. Some of these results are collected in Table 3.
T able  3.
Heat of Heat of
vaporisation, Reduction vaporisation, Effect of
Substrate kcal. mole 1 product kcal. mole-1 NaOH
Acetone .......................................  7-26 2-Propanol 9-56 Promotes
Ethyl m ethyl ketone ............  7-59 2-Butanol 9-92 ,,
eyc/oHexanone .........................  9-50 cycloHex anol 10-70 ,,
Nitrobenzene ..............................  7-94 Aniline 9-91 ,,
cyeZoHexene ..............................  7-28 cyeZoHexane 7-34 Retards
Cornubert and Phelisse (loc. cit.) demonstrated elegantly the selective character of promo­
tion by sodium hydroxide by showing tha t in its absence unsaturated ketones were rapidly 
and sharply converted into saturated  ketones, and th a t thereafter the reduction could be 
continued to give the saturated  alcohol by adding sodium hydroxide.
The similarity between the ionic radii of lithium and of nickel suggested th a t if promotion 
is due to adsorption of sodium ions lithium hydroxide might function better. The results 
in Table 4 show th a t lithium  hydroxide is about 20% better than  sodium hydroxide. 
Optimum results are obtained by using 0-6 mmole of lithium hydroxide per g. of Raney nickel.
T able  4. Times for hydrogenation of ketones with Raney nickel and alkali.
Un- Promoted Promoted Un- Promoted Promoted
Ketone promoted by NaOH by LiOH Ketone promoted by NaOH by LiOH
Dim ethyl 39 31 25 Methyl w-propyl 70 41 34
Ethyl m ethyl 54 35 30 w-Butyl methyl 81 60 42
Potassium hydroxide was a less efficient promoter than sodium hydroxide for reduction of 
ethyl m ethyl ketone (1-17 : 1) and w-butyl methyl ketone (1-33 : 1).
T he authors th an k  th e  M ond N ickel Co. for th e  loan of diffusion apparatus, Messrs. M urex  
for m aking special a lloys conta in ing  platinum , Messrs. G laxo for a g ift of ketones, and Mr. Steele  
for assistance w ith  th e  lith iu m  hydroxide experim ents.
U n i v e r s i t y  o f  G l a s g o w . [Received, March 12fh, 1954.]
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THE STEREOCHEMISTRY OF CATALYTIC HYDROGENATION
OF CYCLIC KETONES
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S U M M A R Y
P ro m o t io n  o f  R aney  N ic k e l  c a t a l y s t  i n  t h e  h y d r o g e n a t i o n  
o f  s u b s t i t u t e d  c y c lo p e n ta n o n e s  and  c y c lo h e x a n o n e s  h a s  b e e n  
fo u n d  t o  g i v e  a  s l i g h t  b u t  n o t  s i g n i f i c a n t  i n c r e a s e  i n  th e  
am ount o f  t h e  th e rm o d y n a m ic a l ly  l e s s  s t a b l e  i s o m e r i c  a l c o h o l .
The r e d u c t i o n  o f  m e th y lc y c lo p e n ta n o n e s  by c a t a l y t i c  an d
c h e m ic a l  m e th o d s  h a s  b e e n  s t u d i e d .  R e d u c t io n  o f  ( - ) - 2 - m e t h y l -
c y c lo p e n ta n o n e  con fo rm ed  w i t h  B a r to n * s  g e n e r a l i s a t i o n s  f o r
r e d u c t i o n  o f  c y c l i c  k e t o n e s .  The p r o p o r t i o n  o f  i s o m e rs  
/  \p r o d u c e d  f ro m  ( - J - 3 - m e th y le y e lo p e n ta n o n e ,  h o w e v e r ,  was u n ­
a f f e c t e d  by  t h e  m eth o d  o f  r e d u c t i o n ;  one is o m e r  p r e d o m in a te d  
i n  e v e r y  c a s e  an d  was a s s i g n e d  t h e  c i s  c o n f i g u r a t i o n  on t h e  
b a s i s  o f  s t u d i e s  o f  t h e  r e d u c t i o n  o f  3 - m e t h y l c y c l o p e n t - 2 - e n -  
1 -o n e  a n d  o f  ( - ) - 3 - m e t h y l c y c l o p e n t - 2 - e n - l - o l .
S t u d i e s  o f  t h e  e q u i l i b r a t i o n  o f  i s o m e r i c  e y c lo h e x a n o l s  
a t  a  c a t a l y s t  s u r f a c e  showed t h a t  th e  r a t i o  o f  i s o m e r s  p r o d u c e d  
b y  h y d r o g e n a t i o n  o f  c y c l i c  k e t o n e s  was n o t  r e l a t e d  t o  a  th e rm o ­
d y n a m ic a l ly  r e v e r s i b l e  r e a c t i o n .  I t  was c o n c lu d e d  t h a t  th e  
c a t a l y t i c  h y d r o g e n a t i o n  o f  k e to n e s  c o u ld  b e s t  b e  i n t e r p r e t e d  
I n  te rm s  o f  a  b r o a d s i d e - o n  m echanism  o f  a d s o r p t i o n  o f  th e  
k e to n e  m o le c u le  f o l l o w e d  by  a d d i t i o n  o f  h y d ro g e n  f ro m  th e  
d i r e c t i o n  o f  t h e  c a t a l y s t .
2I N T R O D U C T I  0 1
I t  h a s  l o n g  b e e n  known t h a t  when r e d u c t i o n  o f  o r g a n i c  
s u b s t a n c e s  can  g iv e  r i s e  t o  g e o m e t r ic  i s o m e r s ,  th e n  t h e  r a t i o  
o f  t h e  i s o m e r s  i s  p r o f o u n d ly  a f f e c t e d  by  t h e  r e d u c i n g  a g e n t  
an d  b y  t h e  r e a c t i o n  c o n d i t i o n s .  Prom a  s tu d y  o f  t h e  r e d u c ­
t i o n  o f  u n s a t u r a t e d  s u b s t a n c e s ,  S k i t a  ( 1 ) ,  i n  1923 s u g g e s t e d  
t h a t  t h e  c i s  i so m e r  i s  p r o d u c e d  by r e d u c t i o n  i n  a c i d  s o l u t i o n  
an d  t h e  t r a n s  iso m e r  by  r e d u c t i o n  i n  n e u t r a l  o r  a l k a l i n e  
s o l u t i o n .  T o g e th e r  w i th  t h e  von  Auwers r r u l e  ( 2 ) ,  w h ich  
s t a t e d  t h a t  o f  tw o  i s o m e r s ,  th e  c i s  i s  d e n s e r ,  h a s  g r e a t e r  
in d e x  o f  r e f r a c t i o n  and  lo w e r  m o l e c u l a r  r e f r a c t i o n  t h a n  th e  
t r a n s ,  S k i t a ’s r u l e  became a c l a s s i c a l  m ethod  f o r  a s s i g n i n g  
c o n f i g u r a t i o n .  T h is  i n  s p i t e  o f  th e  f a c t  t h a t  v o n  Auwers ( 3 ) ,  
h a d  q u e s t i o n e d  i t s  v a l i d i t y ,  m a i n t a i n i n g  t h a t  S k i t a ’s c o n c l u ­
s i o n s  w ere  b a s e d  on i n c o m p l e t e l y  s e p a r a t e d  m i x t u r e s  o f  i s o m e r s .  
L a t e r  w hen S k i t a  o b s e rv e d  t h a t  c a t a l y t i c  h y d r o g e n a t io n  o f
2 -m e th y lc y c lo h e x a n o n e  was p ro m o te d  b y  o r g a n ic  b a s e s  t o  g iv e  
a n  i n c r e a s e  i n  th e  amount o f  c i s  iso m e r  (53$) com pared  w i t h  
h y d r o g e n a t i o n  i n  n e u t r a l  s o l u t i o n  ( 3 5 $ ) ,  he  m o d i f i e d  h i s  
r u l e  ( 4 ) ,  t o  s t a t e  t h a t  th e  g r e a t e r  th e  r a t e  o f  h y d r o g e n a t io n  
t h e n  t h e  g r e a t e r  i s  t h e  am ount o f  l e s s  s t a b l e  iso m e r  p r o d u c e d .
Vavon ( 5 ) ,  s t u d i e d  th e  r e d u c t i o n  o f  c y c l i c  k e to n e s  e x ­
t e n s i v e l y  a n d  from  h i s  r e s u l t s  he p ro p o s e d  t h a t  p r o d u c t i o n  
o f  t h e  c i s  iso m e r  i s  f a v o u r e d  i n  c a t a l y t i c  h y d r o g e n a t io n
3o v e r  p l a t i n u m ,  and  p r o d u c t i o n  o f  the t r a n s  i so m e r  i s  f a v o u r e d  
b y  r e d u c t i o n  w i t h  sod ium  and  a l c o h o l ,  t h e  c o m p o s i t io n  o f  t h e  
m i x t u r e  o b t a i n e d  i n  t h e  l a t t e r  c a se  b e in g  t h e  same as  i s  
o b t a i n e d  by  d i r e c t  e q u i l i b r a t i o n ,  ( 6 ) .  I n  a  s tu d y  o f  th e  
r e d u c t i o n  o f  c h o le s ta n o n e  ( 7 ) ,  he showed t h a t  c a t a l y t i c  
h y d r o g e n a t i o n  m ust be  a c c o m p l is e d  i n  a c i d  medium i n  o r d e r  t o  
e n s u r e  t h e  p r e d o m in a n t  f o r m a t i o n  o f  th e  c i s  i s o m e r ,  a r e s u l t  
w h ic h  was c o n f i rm e d  by R u z ic k a  e t  a l .  ( 8 ) ,  i n  t h e  h y d r o g e n a ­
t i o n  o f  c o p r o s t a n o n e . Vavon ( 7 ) ,  a l s o  d e m o n s t r a t e d  t h a t  th e
am ount o f  e p i c h o l e s t a n o l  p ro d u c e d  i n  th e  h y d r o g e n a t io n  o f  
c h o l e s t a n o n e  w i t h  p l a t i n u m  i n  a c i d  s o l u t i o n  v a r i e d  f ro m  
6 5 - 9 5 % o f  t h e  e p im e r ic  m ix tu re  a c c o r d in g  t o  t h e  a c t i v i t y  o f  
t h e  c a t a l y s t .  V av o n Ts g e n e r a l i s a t i o n  was c o n f i rm e d  b y  
A n z i a n i  and  C o rn u b e r t  ( 9 ) ,  i n  t h e  h y d r o g e n a t i o n  o f  2 - m e th y l - 
c y c lo h e x a n o n e  an d  by C lau d o n  ( 1 0 ) ,  i n  t h e  h y d r o g e n a t i o n  o f  
3 -  an d  4 - m e th y l - c y c lo h e x a n o n e s . A n z ia n i  and  C o r n u b e r t  ( 9 ) ,  
f o u n d  t h a t  t h e r e  was no c o r r e l a t i o n  b e tw een  t h e  r a t e  o f  
h y d r o g e n a t i o n  o v e r  p la t i n u m  b l a c k  a n d  th e  amount o f  c i s  i so m e r  
fo rm e d ;  t h e y  o b s e rv e d  t h a t  a d d i t i o n  o f  h y d r o c h l o r i c  a c i d  t o  
t h e  c a t a l y s t  seem ed t o  have a  s p e c i f i c  d i r e c t i n g  e f f e c t  y i e l d ­
i n g  th e  c i s  i so m e r  a lm o s t  e x c l u s i v e l y .
The r e d u c t i o n  o f  c y c lo h e x a n o n e s  b y  o t h e r  m eth o d s  h a s  
b e e n  s t u d i e d .  M acbeth  e t  a l .  ( 1 1 ) ,  i n v e s t i g a t e d  t h e  M eerw ein- 
P o n n d o r f - V e r l e y  r e d u c t i o n  w i th  a lu m in iu m  i s o p r o p o x i d e . They
4fo u n d  t h a t  t h e  p r o p o r t i o n  o f  c i s  iso m e r  i n  t h e  p r o d u c t  was 
g r e a t e s t  f o r  t h o s e  k e to n e s  i n  w h ic h  s t e r i c  h i n d r a n c e  was 
g r e a t e s t  a n d  t h a t  t h e  p r o p o r t i o n  o f  c i s  i so m e r  p ro d u c e d  from  
m en thone  was i n c r e a s e d  by  u s i n g  b u l k i e r  a lu m in iu m  a l k o x i d e s .  
Noyce e t  a l .  ( 1 2 ) ,  o b s e rv e d  t h a t  r e d u c t i o n  w i t h  l i t h i u m  a l ­
um inium  h y d r id e  n o rm a l ly  gave a p r e p o n d e ra n c e  o f  t r a n s  i s o m e r ,  
a l t h o u g h  i n  some c a s e s  t h e  p r o p o r t i o n  o f  c i s  iso m e r  was m ark ­
e d l y  h i g h e r  t h a n  t h a t  o b t a i n e d  b y  r e d u c t i o n  w i th  sod ium  and  
a l c o h o l  and  in d e e d  w i th  s t e r i c a l l y  h i n d e r e d  k e to n e s  su c h  a s  
cam p h o r ,  t h e  c i s  iso m e r  was fo rm ed  a lm o s t  e x c l u s i v e l y .
I n  r e c e n t  t i m e s ,  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  m o le c u le s  
e x i s t  i n  p r e f e r r e d  c o n f o r m a t io n s ,  i . e .  a r r a n g e m e n ts  i n  s p a c e  
o f  th e  a tom s o f  t h e  m o le c u le  w h ic h  a r e  n o t  s u p e r p o s a b le  upon 
e a c h  o t h e r  ( 1 3 ) .  I t  h a s  b e e n  shown t h a t  th e  c h a i r  c o n fo rm a ­
t i o n  o f  c y c lo h e x a n e  i s  more s t a b l e  t h a n  t h e  b o a t  ( 1 4 ) .  The 
C-H b o n d s  o f  t h e  c h a i r  c o n f o rm a t io n  a r e  o f  two g e o m e t r i c a l l y  
d i f f e r e n t  t y p e s ;  s i x  o f  th e  b o n d s  l i e  p a r a l l e l  t o  t h e  t h r e e ­
f o l d  sym m etry  a x i s  o f  t h e  r i n g  and have  b e e n  d e s i g n a t e d  a x i a l ,  
t h e  o t h e r  s i x  r a d i a t e  o u t  from  th e  r i n g  a n d  have b e e n  te rm e d  
e q u a t o r i a l  ( 1 5 ) .  S t u d i e s  on t h e  e l e c t r o n  d i f f r a c t i o n  o f  
c y c lo h e x a n e  d e r i v a t i v e s  i n  t h e  v a p o u r  p h a s e  ( 1 6 ) ,  have  shown 
t h a t  a  s u b s t i t u t e d  c y c lo h e x a n e  n o r m a l ly  e x i s t s  p r e d o m in a n t ly  
i n  t h e  c h a i r  c o n f o r m a t io n  w h ic h  h a s  t h e  maximum number o f  
s u b s t i t u e n t s  e q u a t o r i a l .  M o re o v e r ,  w i t h  unsyrnme t r i e  a l l y
5s u b s t i t u t e d ,  c y c l o h e x a n e s ,  t h e  s t e r e o i s o m e r  w i t h  t h e  g r e a t e s t  
num ber o f  e q u a t o r i a l  s u b s t i t u e n t s  i s  t h e  more s t a b l e .  Thus 
t r a n s  -  1 : 2 -  a n d  1 : 4 -  d i s u b s t i t u t e d  c y c lo h e x a n e s  i n  w h ich  
b o t h  s u b s t i t u e n t s  can  a d o p t  t h e  e q u a t o r i a l  c o n f o rm a t io n  a r e  
th e r m o d y n a m ic a l ly  more s t a b l e  t h a n  th e  c o r r e s p o n d in g  c i s  
d e r i v a t i v e s  i n  w hich  one s u b s t i t u e n t  i s  n e c e s s a r i l y  a x i a l .  
S i m i l a r l y  a  c i s - l : 3 -  d i s u b s t i t u t e d  c y c lo h e x a n e  i s  more s t a b l e  
t h a n  th e  t r a n s - 1 : 3 -  i s o m e r .  T h i s  was d e m o n s t r a t e d  e x p e r i ­
m e n t a l l y  and h a s  l e d  t o  th e  r e v e r s a l  o f  c o n f i g u r a t i o n  o f  
1 : 3 -  d i s u b s t i t u t e d  c y c lo h e x a n e s  ( 1 7 ) ,  and  a  c o n s e q u e n t  r e v e r ­
s a l  o f  th e  von  A u w e rs1 r u l e  f o r  th em . The r u l e  h a s  a l s o  b e e n  
fo u n d  t o  b e  am biguous w hen  a p p l i e d  t o  p o l y c y c l i c  s y s te m s  and  
h a s  t h e r e f o r e  b e e n  m o d i f i e d  t o  s t a t e  t h a t  f o r  s u b s t i t u t e d  
c y c lo h e x a n e s  th e  s t e r e o i s o m e r  w i t h  t h e  more a x i a l  s u b s t i t u e n t s  
h a s  a  h i g h e r  r e f r a c t i v e  in d e x  and  d e n s i t y  ( 1 8 ) .  A n o th e r  
m o d i f i c a t i o n  ( 1 9 ) ,  p ro p o s e d  t h a t  f o r  i s o m e r i c  c y c lo h e x a n e  
( a n d  t e t r a h y d r o p y r a n )  d e r i v a t i v e s  w h ich  a r e  s i m i l a r l y  su b ­
s t i t u t e d  on c o r r e s p o n d in g  r i n g  c a r b o n  a to m s ,  t h e  r e f r a c t i v e  
i n d i c e s  an d  d e n s i t i e s  a r e  i n v e r s e l y  r e l a t e d  t o  c o n fo r m a t io n a l  
s t a b i l i t y .
I n  a  T i l d e n  L e c t u r e  on t h e  s t e r e o c h e m i s t r y  o f  c y c lo ­
h e x a n e  d e r i v a t i v e s ,  B a r to n  ( 2 0 ) ,  s u g g e s t e d  t h e  f o l l o w i n g  
g e n e r a l i s a t i o n s ,  f o r  t h e  r e d u c t i o n  o f  s u b s t i t u t e d  c y c l o -  
h e x a n o n e s
( 1 ) r a p i d  h y d r o g e n a t io n  ( i n  a c i d  medium) a f f o r d s  t h e  a x i a l  
a l c o h o l ;  s low  h y d r o g e n a t io n  ( i n  n e u t r a l  s o l u t i o n )  a f f o r d s
t h e  e q u a t o r i a l  a l c o h o l  i f  t h e  k e to n e  g ro u p  i s  u n h in d e r e d ,  t h e  
a x i a l  a l c o h o l  i f  i t  i s  s t r o n g l y  h i n d e r e d ;
( 2 ) r e d u c t i o n  o f  t h e  k e to n e  w i t h  sodium  an d  a n  a l c o h o l  
g i v e s  a  m i x t u r e  o f  a l c o h o l s  o f  th e  same c o m p o s i t io n  a s  i s  ob­
t a i n e d  b y  d i r e c t  e q u i l i b r a t i o n ;
(3 )  r e d u c t i o n  w i th  sodium  b o r o h y d r i d e ,  o r  w i th  l i t h i u m  
a lu m in iu m  h y d r id e  a f f o r d s  t h e  e q u a t o r i a l  a l c o h o l  i f  t h e  k e to n e  
g ro u p  i s  u n h i n d e r e d ;  t h e  a x i a l  e p im e r  i f  i t  i s  h i n d e r e d ;
(4 )  M e e rw e in -P o n n d o r f -V e r le y  r e d u c t i o n  w h ich  i s  o n ly  a p ­
p l i c a b l e  t o  r e l a t i v e l y  u n h in d e r e d  k e to n e s  g i v e s  a  h i g h e r  p r o ­
p o r t i o n  o f  a x i a l  h y d ro x y l  t h a n  do o t h e r  m ethods w i th  t h e  e x ­
c e p t i o n  o f  c a t a l y t i c  h y d r o g e n a t io n  i n  a c i d  medium.
A s tu d y  o f  t h e  r e d u c t i o n  o f  2 - a l k y l  a n d  2 - a r y l  c y c l o -  
h e x a n o n e s  by C o r n u b e r t  ( 2 1 ) ,  p r o v id e d  f u r t h e r  e x p e r im e n ta l  
c o n f i r m a t i o n  o f  t h e s e  g e n e r a l i s a t i o n s .  I n  p a r t i c u l a r ,  r e ­
d u c t i o n  w i t h  p l a t i n u m  i n  a c i d  medium was fo u n d  t o  g i v e  th e  
a x i a l  e p im e r  a lm o s t  e x c l u s i v e l y .  R e c e n t  w ork  b y  W icker  ( 2 2 ) ,  
h o w e v e r ,  c o n t r a d i c t s  B a r t o n Ts f i r s t  g e n e r a l i s a t i o n .  W icker  
fo u n d  t h a t  e q u i l i b r a t i o n  o f  s t e r e o i s o m e r i c  c y c lo h e x a n o l s  
o c c u r s  o v e r  a l k a l i n e  c a t a l y s t s  su c h  a s  Raney N i c k e l ,  r e d u c e d
7n i c k e l  and A dam s1 p l a t i n u m  c a t a l y s t .  A ssum ing t h e r e f o r e  
t h a t  t h e  low p e r c e n t a g e  o f  l e s s  s t a b l e  iso m e r  o b t a i n e d  by r e ­
d u c t i o n  i n  a l k a l i n e  s o l u t i o n  was due t o  t h i s  i s o m e r i s a t i o n ,  
he s t u d i e d  t h e  h y d r o g e n a t io n  o f  a number o f  c y c lo h e x a n o n e s .
He fo u n d  t h a t  a c i d  a n d  a l k a l i  h ad  l i t t l e  e f f e c t  on t h e  r e d u c ­
t i o n  p r o d u c t  o f  2 - m e th y lc y c lo h e x a n o n e , c i s - 2 - m e t h y l - c y c l o -  
h e x a n o l  b e i n g  fo rm ed  p r e d o m in a n t ly  i n  b o t h  c a s e s .  However 
f ro m  3 - m e th y l ,  4 - m e th y l -  an d  3 : 3 : 5 - t r i m e t h y l c y c l o h e x a n o n e s  a 
g r e a t e r  p r o p o r t i o n  o f  t h e  more s t a b l e  i so m e r  r e s u l t e d  b y  r e ­
d u c t i o n  i n  a c i d  s o l u t i o n  t h a n  i n  a l k a l i n e  s o l u t i o n  and  in d e e d  
f ro m  3 - m e th y l -  an d  4 - m e th y l -  c y c lo h e x a n o n e s  t h e  more s t a b l e  
i s o m e r  w as fo rm ed  p r e p o n d e r a n t l y  by r e d u c t i o n  i n  a c i d  s o l u t i o n .  
S uch  a  r e s u l t  c o n t r a d i c t s  t h e  S k i t a  r u l e  and B a r t o n ’ s f i r s t  
g e n e r a l i s a t i o n .
D auben e t  a l . ( 4 7 ) ,  have  com pared  t h e  r e d u c t i o n  o f  
c h o l e s t a n o n e s  by l i t h i u m  a lu m in iu m  h y d r id e  and  by  c a t a l y t i c  
h y d r o g e n a t i o n .  Prom t h e  r e s u l t s  f o r  c a t a l y t i c  h y d r o g e n a t io n  
t a k e n  from  th e  l i t e r a t u r e ,  t h e y  s u g g e s t  t h a t  B a r t o n ’s  g e n e r ­
a l i s a t i o n  r e  a c i d  r e d u c t i o n  i s  a n  o v e r  s i m p l i f i c a t i o n  s in c e  
C-j^ — an d  0 ^ 2 "  k e to n e s  g iv e  e x c l u s i v e l y  t h e  e q u a t o r i a l  a l c o h o l  
a n d  Cy k e to n e s  y i e l d  m a in ly  t h e  e q u a t o r i a l  a l c o h o l .
T h i s  o b s e r v a t i o n  may b e  e x te n d e d  t o  k e t o n e s  su ch  a s  
camphor w h ic h  g i v e s  th e  e q u a t o r i a l  a l c o h o l  b y  c a t a l y t i c  
r e d u c t i o n  and  t h e  a x i a l  a l c o h o l  by r e d u c t i o n  w i th  sodium  and
8a l c o h o l .  B a r t o n ’s g e n e r a l i s a t i o n  m ig h t  t h e r e f o r e  be amended 
t o  s t a t e  t h a t  c a t a l y t i c  h y d r o g e n a t io n  i n  a c i d  medium y i e l d s  
a  p r e p o n d e r a n c e  o f  t h e  s t e r i c a l l y  more h i n d e r e d  a l c o h o l  w h ich  
i s  g e n e r a l l y  t h e  a x i a l  a l c o h o l  e x c e p t  i n  c a s e s  s i m i l a r  t o  
t h o s e  above  w h ere  a n g u l a r  m e th y l  g ro u p s  o r  c a rb o n  b r i d g e s  
ad d  c o m p l i c a t i n g  s t e r i c  e f f e c t s .
The r e d u c t i o n  o f  c y c lo p e n ta n o n e s  h as  r e c e i v e d  l e s s  s tu d y  
t h a n  t h a t  o f  t h e  c y c lo h e x a n o n e s .  I n  an  i n v e s t i g a t i o n  o f  t h e  
r e d u c t i o n  o f  2- e t h y l -  and  2 - p r o p y l -  c y c lo p e n ta n o n e s ,  Vavon ( 2 3 ) ,  
fo u n d  t h a t  t h e  c i s  iso m e r  was p ro d u c e d  p r e d o m in a n t ly  by c a t ­
a l y t i c  h y d r o g e n a t i o n  o v e r  p l a t i n u m  b l a c k  and t h e  t r a n s  iso m e r  
b y  r e d u c t i o n  w i t h  sodium  and  a l c o h o l .  G odchot and  Bedos 
( 2 4 ) ,  o b t a i n e d  t r a n s -  2 - m e th y lc y c lo p e n ta n o l  f ro m  2 -  m e th y l -  
c y c lo p e n ta n o n e  b y  c a t a l y t i c  h y d r o g e n a t i o n  and by  r e d u c t i o n  
w i t h  sod ium  an d  a l c o h o l .  H u ck e l an d  K i n d l e r  ( 2 5 ) ,  r e d u c e d  2 -  
m e th y lc y c lo p e n ta n o n e  w i t h  sodium  and  a l c o h o l  t o  o b t a i n  t h e  
t r a n s  i s o m e r  ( 3 : 5 - d i n i t r o b e n z o a t e  m. 6 4 ° )  and  h y d r o g e n a te d  
t h e  k e to n e  o v e r  Adams ’ p l a t i n u m  c a t a l y s t  i n  a c i d  medium t o  
p ro d u c e  p r e d o m in a n t ly  th e  c i s  i so m e r  ( 3 : 5 - d i n i t r o b e n z o a t e  
m. 1 2 4 ° ) .  L a t e r  T u r n e r  ( 2 6 ) ,  i n  an i n v e s t i g a t i o n  o f  th e  
s t e r e o c h e m i s t r y  o f  p e r a c i d  o x i d a t i o n  o f  k e t o n e s ,  showed t h a t  
n e i t h e r  G odcho t n o r  H uckel h a d  i s o l a t e d  th e  p u r e  i s o m e r s .
H is  w ork  i n d i c a t e d  t h a t  t h e  c i s  i so m e r  h a d  a  3 : 5 - d i n i t r o b e n z o -  
a t e  m. 6 7 °  and  t h e  t r a n s  i so m e r  had  a 3 : 5 - d i n i t r o b e n z o a t e  m.
8 8 ° .  H u ck e l  and  S a u e r l a n d  ( 2 7 ) ,  i n  a  f u r t h e r  s tu d y  c o n c u r r e d  
w i t h  T u r n e r ; t h e y  found  t h a t  r e d u c t i o n  o f  2 -  m e t h y l c y c l o -  
p e n ta n o n e  w i t h  a lum in ium  i s o p r o p o x id e  y i e l d e d  a  m ix tu r e  c o n ­
t a i n i n g  7 0 $  o f  t h e  c i s  i s o m e r .  Umland and J e f r a i m  ( 2 8 ) ,  
how ever h av e  shown t h a t  t h e  c i s  iso m er  d e s c r i b e d  b y  H u ck e l 
an d  b y  T u r n e r  was i n  f a c t  a  m ix tu re  o f  58$ c i s  and  4 2 $  t r a n s  
i s o m e r .  They  p r e p a r e d  th e  p u re  c i s  iso m e r  by  a c e t o l y s i s  o f  
t h e  p -  t o l u e n e s u l p h o n a t e  o f  t r a n s - 2 - m e th y l c y c lo p e n ta n o l  u n d e r  
n e u t r a l  c o n d i t i o n s .  T h e i r  c i s  i so m e r  gave  a  3 : 5 -  d i n i t r o ­
b e n z  o a t e  m. 8 6 ° .  By r e d u c t i o n  o f  2 -m e th y lc y c lo p e n ta n o n e  w i th  
l i t h i u m  a lu m in iu m  h y d r i d e ,  th e y  o b t a i n e d  a  m ix tu re  o f  i so m e rs  
c o n t a i n i n g  2 5 $  c i s .  P h i l l i p s  and M entha ( 2 9 ) ,  i n  a  s tu d y  o f  
t h e  r e d u c t i o n  o f  2 - b e n z y lc y c lo p e n ta n o n e  o b t a i n e d  p r e p o n d e r a n t  
f o r m a t i o n  o f  t h e  t r a n s  iso m e r  b y  r e d u c t i o n  w i t h  l i t h i u m  a l ­
um inium  h y d r id e  a n d  o f  t h e  c i s  i so m e r  b y  r e d u c t i o n  w i t h  Adams 1 
p l a t i n u m  c a t a l y s t  i n  a c i d  medium. G odchot a n d  C a u q u i l  ( 3 0 ) ,  
i n v e s t i g a t e d  t h e  r e d u c t i o n  o f  -  3 -  m e th y l c y c l o p e n t a n o n e . R e­
d u c t i o n  w i t h  so d iu m  an d  m o is t  e t h e r  gave e q u a l  q u a n t i t i e s  o f  
c i s  a n d  t r a n s  i s o m e r s  w h i l e  c a t a l y t i c  h y d r o g e n a t i o n  o v e r  
p l a t i n u m  i n  a c e t i c  a c i d  gave  a  50$  y i e l d  o f  3 - m e th y l c y c lo -  
p e n t a n o l  w h ich  was c la im e d  t o  be c h i e f l y  c i s .
I n  t h i s  s e c t i o n  o f  t h i s  t h e s i s ,  t h e  e f f e c t  o f  p ro m o t io n  
o f  Raney N ic k e l  on th e  p r o p o r t i o n  o f  i so m e rs  o b t a i n e d  by  
h y d r o g e n a t i o n  o f  s u b s t i t u t e d  c y c lo p e n ta n o n e s  and  c y c lo h e x a n o n e s
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h a s  b e e n  s t u d i e d .  The s tu d y  o f  t h e  r e d u c t i o n  o f  m e th y l -  
c y c lo p e n ta n o n e s  h a s  b e e n  e x te n d e d  t o  i n c l u d e  c h e m ic a l  m ethods  
o f  r e d u c t i o n  and t h e  p r o p o r t i o n  o f  i so m e rs  o b t a i n e d  b y  su ch  
m e th o d s  h a s  b e e n  d e t e r m in e d .
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G E N E R A L
I s o l a t i o n  and  A n a l y s i s  o f  t h e  E p im e r ic  M i x t u r e .
When th e  h y d r o g e n a t io n  o f  a  c y c l i c  k e to n e  was c o m p le te ,  
t h e  c a t a l y s t  was rem oved by  f i l t r a t i o n  and t h e n  t h e  e t h a n o l  
w as rem oved  b y  d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  th r o u g h  a 
f r a c t i o n a t i o n  column a n d  f i n a l l y  b y  a  d i s t i l l a t i o n  w i t h  b e n ­
z e n e  . The m ix tu r e  o f  e p im e r ic  a l c o h o l s  was d i s t i l l e d .  The 
o v e r a l l  y i e l d  was a p p r o x im a te ly  90$; i t  was shown b y  s p e c t r o -  
m e t r i c  e v id e n c e  ( I . R .  and U .V .)  t o  be f r e e  from  b e n z e n e .
I n  t h e  c a s e  o f  cam phor, th e  b o r n e o l - i s o b o r n e o l  m ix tu r e  
o b t a i n e d  by  r e d u c t i o n  was i s o l a t e d  b y  rem ov ing  th e  e t h a n o l  
u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u e  was t h e n  d i s s o l v e d  i n  
b e n z e n e ,  t h e  s o l u t i o n  was f i l t e r e d  f r e e  o f  any  i n o r g a n i c  
m a t e r i a l ,  a n d  th e  m ix tu re  o f  e p im e rs  was r e c o v e r e d  b y  rem o v a l  
o f  t h e  b e n z e n e  u n d e r  r e d u c e d  p r e s s u r e .
The c o m p o s i t io n s  o f  th e  m i x t u r e s  o f  i s o m e rs  o f  -  2 - ,  - 3 -  
a n d  4 -  m e t h y l c y c lo h e x a n o l s  w ere d e te r m in e d  from  t h e i r  d e n ­
s i t i e s  u s i n g  t h e  v a l u e s  f o r  th e  c i s  and  t r a n s  d e r i v a t i v e s  g i v e n  
b y  M acbeth  e t  a l . ( 3 1 ) .  The c o m p o s i t io n s  o f  (+) b o r n e o l -  ( - )  
i s o b o r n e o l  m ix tu r e s  w e re  d e te r m in e d  from  t h e  o p t i c a l  r o t a t i o n  
o f  t h e  m i x t u r e s .  E s t i m a t i o n  o f  th e  e p im e r ic  m i x t u r e s  o f  
-  2 : 2 : 6 -  t r i m e t h y l c y c l o h e x a n o l s  and o f  -  2 - m e th y l c y c lo p e n t -  
a n o l s  was e f f e c t e d  f ro m  th e  m e l t i n g  p o i n t s  o f  th e  3 : 5 - d i -
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n i t r o b e n z o a t e s  o f  th e  m i x t u r e s .  A t te m p ts  t o  s e p a r a t e  ~ 3 -
m e t h y l c y o l o p e n t a n o l s  w ere u n s u c c e s s f u l .  A t te m p ts  t o  e s t i m a t e
t h e  p r o p o r t i o n  o f  e p im e rs  i n  m i x t u r e s  o f  -  2 - m e t h y l c y d o -
4*
p e n t a n o l s  and  o f  -  2 - m e th y lc y c lo h e x a n o l s  by  means o f  v a p o u r  
p h a s e  c h ro m a to g ra p h ic  a n a l y s i s  ( 3 2 ) ,  w ere u n s u c c e s s f u l .
-  2 : 2 : 6 - T r i m e t h y l c y c l o h e x a n o l s .
S e p a r a t i o n  o f  th e  e p im e r ic  -  2 : 2 : 6 - t r i m e t h y l c y c l o h e x a n o l s  
was e f f e c t e d  by c h ro m a to g ra p h y ;  f i n a l  p u r i f i c a t i o n  was 
a c h i e v e d  v i a  t h e i r  3 : 5 - d i n i t r o b e n z o a t e s . The m e l t i n g  p o i n t s  
o f  t h e  e p im e rs  and  o f  t h e i r  3 : 5 - d i n i t r o b e n z o a t e s  a r e  g iv e n  
in" T a b le  1 .
T a b le  1
m . p . s .  o f  c i s - a n d  t r a n s -  ( - )  2 :2 : 6 - t r i m e t h y l  
c y c lo h e x a n o l s  a n d  t h e i r  5 ;5  d i n i t r o b e n z o a t e s
( - ) 2 : 2 ; 6 - t r i m e t h y l  5 : 5 - d i n i t r o b e  n z o a te
c y c lo h e x a n o l
C is  6 2 -6 3 °
t r a n s  4 8 - 4 9 .5 °
The lo w e r  m e l t i n g  e p im e r  was a s s i g n e d  t h e  t r a n s  c o n ­
f i g u r a t i o n  i . e .  w i t h  th e  h y d ro x y l  a t  C^, and  t h e  m e th y l  
g r o u p s  a t  Cg and  Cg e q u a t o r i a l ,  s i n c e  i t  was o b t a i n e d  by  
r e d u c t i o n  o f  ( - )  - 2 :2 : 6 - t r i m e t h y l c y c l o h e x a n o n e  w i t h  sodium  
an d  m o i s t  e t h e r  (M asson ( 3 3 ) ) .  M oreover th e  h i g h e r  m e l t i n g
124°
1 3 5 °
1 3
e p im e r  was e l u t e d  f i r s t  i n  th e  c h r o m a to g ra p h ic  s e p a r a t i o n  
i n d i c a t i n g  t h a t  i t  i s  s t e r i c a l l y  more h i n d e r e d  and  t h e r e f o r e  
t h e  c i s  i s o m e r ,  ( c f .  V a v o n ’s s e p a r a t i o n  o f  b o r n e o l - i s o b o r n e o l  
m i x t u r e s  by c h ro m a to g ra p h y  ( 3 4 ) ) .
The c o m p o s i t io n  o f  t h e  m ix tu r e  o f  -  2 : 2 : 6 - t r i m e t h y l - 
c y c l o h e x a n o l s  o b t a i n e d  by h y d r o g e n a t i o n  o f  th e  k e to n e  was d e ­
t e r m i n e d  b y  p r e p a r i n g  th e  3 : 5 - d i n i t r o b e n z o a t e  o f  th e  m ix tu r e  
a n d  co m p arin g  i t s  m e l t i n g  p o i n t  w i t h  th e  m e l t i n g  p o i n t s  o f  a  
s t a n d a r d  s e r i e s  o f  m i x t u r e s ,  ( e x p e r i m e n t a l  p .  35" ) .
f
-  2 - m e t h y l c y c l o p e n t a n o l s .
>
The r e d u c t i o n  o f  -  2 - m e th y lc y c lo p e n ta n o n e  w i t h  sod ium
+
a n d  m o i s t  e t h e r  gave p r e d o m in a n t ly  t r a n s -  -  - 2 - m e th y l c y c lo -  
p e n t a n o l  from  w h ich  th e  3 : 5 -  d i n i t r o b e n z o a t e  m. 8 7 -8 8 °  c o r ­
r e s p o n d i n g  t o  t h e  t r a n s  e s t e r  o b t a i n e d  by  H u ck e l ( 2 7 ) ,  and  
b y  Umland and J e f r a i m  ( 2 8 ) ,  was p r e p a r e d .  C a t a l y t i c  r e d u c -
4.
t i o n  o f  -  2 -  m e th y lc y c lo p e n ta n o n e  i n  e t h a n o l  o v e r  Raney N ic k e l  
c a t a l y s t  gave a  m ix tu re  o f  e p im e rs  whose 3 : 5 -  d i n i t r o b e n z o a t e  
m e l t e d  a t  7 2 . 5 ° .  A f t e r  s u c c e s s i v e  r e c r y s t a l l i s a t i o n s  from  
e t h a n o l  th e  m e l t i n g  p o i n t  was r a i s e d  t o  1 1 9 - 1 2 0 ° .  The c i s -  
3 : 5 -  d i n i t r o b e n z o a t e  t h e r e f o r e  c o r r e s p o n d s  t o  th e  i so m e r  ob­
t a i n e d  by  H ucke l an d  K i n d l e r  ( 2 5 ) ,  b y  h y d r o g e n a t i o n  o v e r  
p l a t i n u m  c a t a l y s t .  I t  w ou ld  a p p e a r  t h a t  th e  c i s -  i so m e r  
(m. 8 6 ° )  c l a im e d  by Umland and J e f r a i m  ( l o c .  c i t . )  was a m ix ­
t u r e  o f  c i s -  an d  t r a n s -  e s t e r s .  In d e e d  i t  was fo u n d  t h a t  a
1 4
m ix t u r e  o f  c i s -  and  t r a n s -  e s t e r s  c o n t a i n i n g  78#  o f  th e  
c i s -  e s t e r  m e l t e d  a t  86° and  i t  was d i f f i c u l t  t o  r e c o v e r  t h e  
p u r e  c i s -  e s t e r  from  su ch  a  m ix tu r e  "by f r a c t i o n a l  c r y s t a l ­
l i s a t i o n .  Umland and  W i l l i a m s  ( 5 2 ) ,  o b t a i n e d  a  s m a l l  q u a n ­
t i t y  o f  3 : 5 - d i n i t r o b e n z o a t e  m .1 0 1 - 4 ° ,  f rom  th e  p r o d u c t  o f  
c a t a l y t i c  h y d r o g e n a t i o n  o f  2 - m e th y lc y c lo p e n ta n o n e  o v e r  A dam s1 
p l a t i n u m  c a t a l y s t  i n  a c e t i c  a c i d .
-  3 - M e t h y l c y c l o p e n t a n o l s .
The m i x t u r e  o f  e p im e rs  o b t a i n e d  b y  h y d r o g e n a t io n  o f  -  3 -  
m e th y lc y c lo p e n ta n o n e  y i e l d e d  a  d i n i t r o b e n z o a t e  w h ich  m e l t e d  a t
9 4 . 5 - 9 6 ° .  When o t h e r  m ethods  o f  r e d u c t i o n  were u s e d ,  th e  
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p r o d u c t  y i e l d e d  a  d i n i t r o b e n z o a t e  o f  s i m i l a r  m e l t i n g  p o i n t  i n  
e v e r y  c a s e ,  ( t a b l e  2 ) .  R e c r y s t a l l i s a t i o n  g ave  a n  e s t e r  o f  
m e l t i n g  p o i n t  1 0 8 .6 ° .
T a b le  2
R e d u c t io n  o f  -  3 - M e th y lc y c lo p e n ta n o n e
R e d u c t io n  m e th o d .
P e r c e n t a g e  r e c o v e r y  
o f  -  3 - m e th y l c y c lo -  
p e n t a n o l s .
---  — - ----- 1
m .p .  o f  3 : 5 -  j 
d i n i t r o b e n z o a t e  1
I
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P t/H A /H Br 40 9 0 -9 3 ° )m.1 0 7 .6 -1 0 8 .6 !
R aney  N i c k e l 88 9 4 .5 - 9 6 °
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9 4 .5 - 9 6 °
I t  w ou ld  a p p e a r  t h a t  th e  same e p im e r  was fo rm ed  p redom ­
i n a n t l y  by  e v e r y  r e d u c t i o n  m ethod  a n d  s i n c e  i t  was o b t a i n e d
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b y  r e d u c t i o n  w i t h  sod ium , i t  was assum ed t o  be t h e  t r a n s ­
i s o m e r .  The p -  n i t r o b e n z o a t e  m e l t e d  a t  7 1 - 7 2 .5 ° .
I n  a n  a t t e m p t  t o  p r e p a r e  t h e  c i s - i s o m e r ,  t h e  r e d u c t i o n  
o f  3 - m e t h y l c y c l o p e n t - 2 - e n - l - o n e  ( f i g u r e  I ,  I I )  was s t u d i e d .
3 - M e t h y l c y c l o p e n t - 2 - e n - l ~ o n e  was p r e p a r e d  b y  i n t r a m o l e c u l a r  
c o n d e n s a t i o n  o f  a c e t o n y l a c e t o n e  ( 3 5 ) .  H y d ro g e n a t io n  o v e r  
A dam s1 p l a t i n u m  o x id e  c a t a l y s t  g av e  m e th y lc y c lo p e n ta n e  ( I I I ) ;  
h y d r o g e n a t i o n  o v e r  Raney N ic k e l  i n  e t h a n o l  gave 3 - m e th y l -  
c y c l o p e n t a n o l  (V) v i a  t h e  s a t u r a t e d  k e to n e  ( IV ) ;  r e d u c t i o n  
w i t h  l i t h i u m  a lu m in iu m  h y d r id e  u n d e r  m i ld  c o n d i t i o n s  ( 2 9 ) ,  
y i e l d e d  3 - m e t h y l c y c l o p e n t - 2 - e n - l - o l  (V I) w h ich  r e a d i l y  e l i m ­
i n a t e d  w a t e r  and p o ly m e r i s e d  u n d e r  a c i d  c o n d i t i o n s .  3 - m e th y l - 
c y c l o p e n t - 2 - e n - l - o l  was h y d ro g e n a te d  o v e r  Raney N ic k e l  a n d  
a  3 - m e th y l c y c lo p e n ta n o l  (V) was i s o l a t e d .  I n  b o t h  c a s e s  
t h e  3 - m e th y l c y c lo p e n ta n o l  o b t a i n e d  gave t h e  3 : 5 - d i n i t r o b e n -  
z o a t e  m. 1 0 8 °  a f t e r  r e c r y s t a l l i s a t i o n  f rom  e t h a n o l .  S in c e  
t h e  c y c lo p e n te n e  r i n g  i s  p l a n a r ,  c a t a l y t i c  r e d u c t i o n  i n  w hich  
c i s  a d d i t i o n  t o  th e  d o u b le  b o n d  o c c u r s  ( 3 6 ) ,  w ould  be  e x p e c t e d  
t o  p ro d u c e  c i s - 3 - m e t h y l c y c l o p e n t a n o l  p r e f e r e n t i a l l y  from  3 -  
m e t h y l c y c l o p e n t - 2 - e n - l - o l .  S in c e  r e d u c t i o n  o f  3 - m e th y l - 
c y c lo p e n ta n o n e  w i t h  sod ium  an d  m o i s t  e t h e r  y i e l d e d  p r e p o n d e r ­
a n t l y  th e  same i s o m e r ,  i t  w o u ld  seem t h a t  c i s - 3 - m e t h y c y e l o -  
p e n t a n o l  i s  more s t a b l e  t h a n  t h e  t r a n s  i s o m e r  ( c f .  1 : 3 -  
d i s u b s t i t u t e d  c y c l o h e x a n e s ) .
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I t  h a s  "been shown t h a t  th e  c y c lo p e n ta n e  r i n g  i s  p u c k e re d  
( 3 7 ) ,  and  t h a t  compounds such  a s  o C -h a lo c y c lo p e n ta n o n e s  e x i s t  
i n  p r e f e r r e d  c o n f o rm a t io n s  ( 3 8 ) .  I t  may t h e r e f o r e  h e  t h a t  
c i s -  1 : 3 -  d i s u b s t i t u t e d  c y c lo p e n ta n e s  e x i s t  i n  a  c o n f o rm a t io n  
w h ic h  i s  m ore s t a b l e  t h a n  t h a t  o f  t h e  t r a n s  i s o m e r s . Some 
e v id e n c e  f o r  t h i s  i s  g iv e n  by  t h e  f a c t  t h a t  1 : 3 -  d i m e t h y l - 
c y c l o p e n t a n e s  have b e e n  p r e p a r e d  u n a m b ig u o u s ly  ( 3 9 ) ,  a n d  th e  
c i s  i s o m e r  was fo u n d  t o  have t h e  lo w e r  d e n s i t y  an d  r e f r a c t i v e  
in d e x  w h ic h  w o u ld  i n d i c a t e  t h a t  i t  h a s  t h e  g r e a t e r  c o n fo rm a ­
t i o n a l  s t a b i l i t y  ( s e e  p .  5 ) .
S in c e  t h e  m e l t i n g  p o i n t  o f  t h e  3 : 5 -  d i n i t r o b e n z o a t e  o f  
t h e  r e d u c t i o n  p r o d u c t  o f  -  3 - m e th y lc y c lo p e n ta n o n e  was r a i s e d  
f ro m  96 t o  1 0 8 ° ,  th e  t r a n s - e p i m e r  was assum ed t o  b e  p r e s e n t  
i n  m in o r  a m o u n t . S e p a r a t i o n  o f  t h e  e p im e rs  was a t t e m p t e d  
b y  c h ro m a to g ra p h y ,  u s in g  a lu m in a  a s  a d s o r b e n t ,  w i t h o u t  s u c c e s s .  
C h ro m a to g ra p h ic  s e p a r a t i o n s  o f  t h e  p - n i t r o b e n z o a t e s  and  o f  t h e  
3 : 5 -  d i n i t r o b e n z o a t e s  w ere  u n s u c c e s s f u l  a l s o .  I t  was c o n ­
c lu d e d  t h a t  r e d u c t i o n  o f  -  3 - m e th y lc y c lo p e n ta n o n e  y i e l d e d  a  
m i x t u r e  o f  e p im e r ic  a l c o h o l s  i n  w h ic h  t h e  t r a n s  iso m e r  c o u ld  
n o t  be  p r e s e n t  t o  an e x t e n t  o f  more t h a n  2 0 - 3 0 $ .  The p u re  
c i s - i s o m e r  was o b t a i n e d  b y  h y d r o l y s i s  o f  th e  3 : 5 - d i n i t r o ~  
b e n z o a t e .  I t  h a d  t h e  f o l l o w i n g  p h y s i c a l  c o n s t a n t s :  b 1Q
oc 25
6 3 . 8 - 6 4 . 0 ,  d |  0 .9 0 9 4 ,  n^ 1 .4 4 4 0 .  E q u i l i b r a t i o n  o f  t h e  
i so m e r  o v e r  sod ium  a g a i n  gave  t h e  m ix tu r e  from  w h ich  th e
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3 : 5 - d i n i t r o b e n z o a t e  m. 96° was o b t a i n e d .
An a t t e m p t  was made t o  p r e p a r e  t h e  t r a n s  iso m e r  from  t h e  
c i s  i so m e r  by a c e t o l y s i s  o f  t h e  p -  t o l u e n e s u l p h o n a t e  u n d e r  
n e u t r a l  c o n d i t i o n s .  The p r o d u c t  a f t e r  s a p o n i f i c a t i o n  and 
c o n v e r s i o n  t o  t h e  3 : 5 -  d i n i t r o b e n z o a t e  was fo u n d  t o  c o n s i s t  
o f  a  m i x t u r e  o f  i so m e rs  from  w h ic h  o n ly  t h e  c i s  e p im e r  was 
i s o l a t e d .
The p h y s i c a l  c o n s t a n t s  q u o te d  b y  G odchot ( 3 0 ) ,  f o r  h i s  
+
e p i m e r i c  -  3 -  m e t h y l c y c l o p e n t a n o l s  w e r e : -
28 28 
d^ Up m .p . o f  p h e n y lu r e th a n e
c i s  0 .9 0 9 2  1 .4 4 3 7  80°
t r a n s  0 .9 1 0 2  1 .4 4 4 6  78°
He f o u n d  t h a t  t h e  r a t e  o f  s a p o n i f i c a t i o n  o f  t h e  c i s - p -
n i t r o - b e n z o a t e  was s l i g h t l y  l e s s  t h a n  t h a t  o f  t h e  t r a n s  e s t e r
+
a n d  t h a t  t h e  Raman s p e c t r a  o f  -  c i s - 3 - m e t h y l c y c l o p e n t a n o l  i n
-1
t h e  r e g i o n  b e tw e e n  200 and  800 cm was s l i g h t l y  d i f f e r e n t  
f ro m  t h a t  o f  t h e  t r a n s  iso m e r  ( 4 0 ) .  I t  may t h e r e f o r e  be t h a t  
h i s  i s o m e r s  w ere  one a n d  t h e  sam e.
E f f e c t  o f  P ro m o t io n  o f  Raney N ic k e l  C a t a l y s t  on t h e  R a t i o  o f  
S t e r e o i s o m e r s  fo rm ed  by R e d u c t io n  o f  C y c lo p e n ta n o n e s  and  
C y c lo h e x a n o n e s .
The p e r c e n t a g e  o f  th e r m o d y n a m ic a l ly  l e s s  s t a b l e  i so m e r  
i n  t h e  m i x t u r e  o f  e p im e r ic  a l c o h o l s  o b t a i n e d  b y  r e d u c t i o n
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o f  t h e  c o r r e s p o n d in g  k e to n e  o v e r  Raney N ic k e l  and  o v e r  p r o ­
m o ted  Raney N ic k e l  i s  g i v e n  i n  t a b l e  3 .  I n  e v e r y  c a s e  t h e  
th e r m o d y n a m ic a l ly  l e s s  s t a b l e  iso m e r  i s  t h e  c i s  i so m e r  w i th  
t h e  e x c e p t i o n  o f  -  3 -  m e th y lc y c lo h e x a n o l  when i t  i s  t h e  t r a n s  
i s o m e r  a n d  o f  -  3 -  m e th y l c y c l o p e n t a n o l  when i t  i s  assum ed  t o  
b e  th e  t r a n s  i s o m e r .
T a b le  5
P e r c e n ta g e  o f  th e rm o d y n a m ic a l ly  l e s s  s t a b l e  iso m e r  
o b t a i n e d  i n  c a t a l y t i c  r e d u c t i o n  o f  c y c l i c  k e t o n e s .
P r o d u c t
— % o f l e s s  s ta b ] _e iso m e r
Raney | P l a t i n i s e d  
N ic k e l  IRaney Ni 
j t  NaOH
Raney Ni + 
E t 3Ni-HoPtCl6 
f  NaOR
M ethod o f  
e s t i m a t i o n  ;
-  2 - m e th y l c y c lo p e n ta n o l 57 63 63 d i n i t r o b e n z o ­
a t e  m .p .
-  3 - m e th y l c y c lo p e n ta n o l <30 <30 < 30 -
+
-  2 - m e th y lc y c lo h e x a n o l 54 62 66 d e n s i t y
-  3 - m e th y lc y c lo h e x a n o l 54 60 65
i
d e n s i t y
4 -me t  h y l  cy c 1 ohex a n o l 56 - 65
\
d e n s i t y
+
-  2 : 2 : 6 - t r i m e t h y l c y c l o - d i n i t r o b e n z o ­
h e x a n o l 50 45 45 a t e  m .p .
( - )  i s o b o r n e o l 92 95 98 o p t i c a l  r o t a ­
I
t i o n
W ith  -  2 - m e th y l c y c lo p e n ta n o l  a n d  th e  c y c lo h e x a n o l s  a 
p r e p o n d e r a n c e  o f  th e  th e rm o d y n a m ic a l ly  l e s s  s t a b l e  iso m e r  was 
o b t a i n e d :  th e  p r e p o n d e ra n c e  was i n c r e a s e d  s l i g h t l y  b u t  n o t
1 9
s i g n i f i c a n t l y  b y  u se  o f  p ro m o ted  c a t a l y s t s .  W ith  3 - m e th y l ­
c y c l o p e n t a n o l  t h e  more s t a b l e  i so m e r  p r e d o m in a te d ,  a n d  th e  
r a t i o  o f  t h e  i s o m e rs  d id  n o t  a p p e a r  t o  b e  a f f e c t e d  b y  t h e  u se  
o f  p ro m o te d  c a t a l y s t s .
C o m p ar iso n  o f  th e  r e d u c t i o n  o f  m e th y lc y c lo p e n ta n o n e s  by  
c a t a l y t i c  and c h e m ic a l  m e th o d s .
A c o m p a r iso n  o f  v a r i o u s  m ethods  o f  r e d u c t i o n  o f  m e th y l -  
o y e lo h e x a n o n e s  was made by Noyce and  Denney ( 1 2 ) ,  w h ich  i n ­
d i c a t e d  t h a t  t h e  amount o f  a x i a l  i so m e r  p ro d u c e d  was r e l a t e d  
t o  s t e r i c  e f f e c t s  o f  t h e  r e d u c in g  a g e n t .  The r e s u l t s  w ere  
summed up by  B a r t o n ’s g e n e r a l i s a t i o n s  ( 2 0 ) .  The c o m p a r iso n  
h a s  now b e e n  e x te n d e d  t o  m e th y lc y c lo p e n ta n o n e s  ( t a b l e  4 ) .
The r e s u l t s  i n d i c a t e  t h a t  r e d u c t i o n  w i t h  sodium and  m o is t  
e t h e r  gave  p r e p o n d e r a n t  f o r m a t i o n  o f  th e  more s t a b l e  i s o m e r .
■frI n d e e d  c i s -  3 -  m e th y lc y c lo p e n ta n o l  was fo rm ed  p r e d o m in a n t ly  
b y  a l l  th e  m e th o d s  i n v e s t i g a t e d .  The r e d u c t i o n  o f  -  2 - m e th y l ­
c y c lo p e n ta n o n e  by  l i t h i u m  a lu m in iu m  h y d r id e  and  by  a lu m in iu m  
i s o p r o p o x i d e  l e d  t o  a n  i n c r e a s e d  am ount o f  t h e  therm odynam ­
i c a l l y  l e s s  s t a b l e  c i s  i s o m e r ;  c a t a l y t i c  h y d r o g e n a t i o n  gave a
f
p r e p o n d e r a n c e  o f  t h e  c i s  i s o m e r .  The r e d u c t i o n  o f  -  2 - m e th y l - 
c y c lo p e n ta n o n e  was t h e r e f o r e  fo u n d  t o  conform  w i th  B a r t o n ’s 
g e n e r a l i s a t i o n s  w h e re a s  3 - m e th y lc y c lo p e n ta n o n e  d i d  n o t  c o n ­
fo rm  r e  c a t a l y t i c  r e d u c t i o n  i n  a c i d  medium. H uckel ( 2 7 ) ,  
c l a im e d  t h a t  r e d u c t i o n  o f  -  2 - m e th y lc y c lo p e n ta n o n e  w i t h
1 9 a
T a b le  4
R e d u c t io n  o f  c y c lo p e n ta n o n e s  by c a t a l y t i c  an d  c h e m ic a l
m e th o d s .
- P r o d u c t
M ethod o f R e d u c t io n
+
-  2 - m e th y l c y c lo ­
p e n t a n o l  
% c i s
- 3 - m e th y l c y c lo ­
p e n t a n o l  
% t r a n s
. Na/EtgO/HgO 8 10* 2 0 -3 0
LiA lH ^ 25 25 n
HaBH. 4
- 26 -
A1 ( OPr ^3 40
76 2 0 -3 0
C a t a l y t i c
h y d r o g e n a ­
t i o n
F t / n e u t r a l
s o l u t i o n
Ft/H A c/H Br 60
28
2 0 -3 0
Raney Hi 57 - it
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it
x  Umland a n d  W i l l i a m s  (52)
alum inum  i s o p r o p o x id e  y i e l d e d  70% o f  c i s  iso m e r  b u t  h i s  c la im
was b a s e d  on a  ’p u r e 1 c i s  iso m er  w h ic h  m ust h av e  c o n t a i n e d  a t
l e a s t  50% o f  t h e  t r a n s  i s o m e r .  S in c e  t h i s  w ork  was c o m p le te d ,
Umland and  W i l l i a m s  ( 5 2 ) ,  h ave  p u b l i s h e d  r e s u l t s  f o r  t h e  r e -  
+
d u c t i o n  o f  -  2 - m e th y lc y c lo p e n ta n o n e .  The a n a l y s i s  o f  m ix ­
t u r e s  o f  i s o m e r s  o b t a i n e d  by them , was by th e  m ethod  o f  Umland 
a n d  J e f r a i m  ( 2 8 ) ,  b a s e d  on an  i n c o m p l e t e l y  s e p a r a t e d  c i s -  
3 ; 5 - d i n i t r o b e n z o a t e  ( s e e  p .  1 3 ) .  C o n s e q u e n t ly  t h e i r  r e s u l t s  
a r e  h i g h e r  i n  c i s  iso m e r  t h a n  th e y  s h o u ld  b e .  T h e i r  r e s u l t s  
a r e  i n c l u d e d  i n  t a b l e  4 f o r  c o m p a r is o n .
M echanism  o f  t h e  C a t a l y t i c  H y d ro g e n a t io n  o f  K e t o n e s .
Vavon (6 )  was t h e  f i r s t  t o  a t t e m p t  t o  e x p l a i n  t h e  
s te r e o c h e m ic a l  c o u r s e  o f  c a t a l y t i c  r e d u c t i o n  o f  c y c lo h e x a n o n e s , 
s u g g e s t i n g  t h a t  th e  m ain  f a c t o r  i n v o l v e d  was s t e r i c  h i n d r a n c e  
o f  th e  a d d i t i o n  o f  h y d ro g e n  t o  an  i n t e r m e d i a t e  k e t o n e - c a t a l y s t  
c o m p lex .  L i n s t e a d  ( 4 1 ) ,  s u g g e s te d  t h a t  s t e r i c  i n t e r a c t i o n  
b e tw e e n  th e  s u b s t i t u e n t  g ro u p s  o f  t h e  k e to n e  and t h e  c a t a l y s t  
s u r f a c e  w as t h e  i m p o r t a n t  f a c t o r .  B o th  t h e s e  w o r k e r s  assum ed 
p l a n a r i t y  o f  t h e  c y c lo h e x a n e  r i n g .
F i g u r e s  2 i 3 > 4 5 ' .
F i g u r e F i g u r e  3 .
-Ni
Adsorption Complex which yields
T H E  E Q U A T O R I A L -  A X I A L  I S O M E R } U P ON  
A D D I T I O N  OF H Y D R O G E N .
A d s o r p t i o n  C o m p l e x  w h i c h  y i e l d s
T H E  E Q U A T O R I A L -  E Q U A T O R I A L  I S O M E R .
x - c = c - y
t
H,
X—c = c —y
Figure
x \
*  / c = c \H H
■»
H \  X H 
, / C = Cx'  Y  _
A d d i t i o n  o f  h y d r o g e n  t o  a n  u n s y m  m e t r i c a l l y  s u b s t i t u t e d  a c e t y l e n e .





A L C O H O L
E Q U A T O R I A L
A L C O H O L .
A o P l T i o W  O F  H T D R Oi E N  T O  A S U B S T I T  U T  E D  C Y C L O H E X  A N  O N E
S i e g e l  ( 4 2 ) ,  i n t e r p r e t e d  t h e  h y d r o g e n a t io n  o f  mono- 
s u b s t i t u t e d  c y c 1 ohexanones  i n  te rm s  o f  t h e  c o n c e p t  o f  c o n ­
f o r m a t i o n a l  a n a l y s i s .  He assum ed t h a t  t h e  c y c lo h e x a n o n e  
m o le c u le  I n  w h ic h  th e  s u b s t i t u e n t  i s  i n  t h e  e q u a t o r i a l  p o s i ­
t i o n  an d  t h e  c a r b o n y l  g roup  i s  i n c l u d e d  w i t h  th e  a d j a c e n t  
c a r b o n  a tom s i n  one p l a n e ,  i s  a d s o r b e d  w i t h o u t  ch an g e  i n  th e  
c o n f o r m a t io n  so t h a t  th e  C = 0 i s  a t t a c h e d  t o  the  c a t a l y s t  
s u r f a c e  a t  two p o i n t s  C and  0 .  He s u g g e s t e d  t h a t  t h e  l e a s t  
h i n d e r e d  a r ra n g e m e n t  i s  one i n  w h ic h  t h e  c y c l e  t i l t s  away 
f ro m  th e  s u r f a c e  o f  t h e  c a t a l y s t .  T h is  i s  I l l u s t r a t e d  f o r
2 - m e th y lc y c lo h e x a n o n e  i n  f i g u r e  2 .  A d d i t i o n  o f  h y d ro g e n  
f ro m  t h e  d i r e c t i o n  o f  th e  c a t a l y s t  l e a d s  t o  f o r m a t i o n  o f  an  
e q u a t o r i a l  G-H bond  and  c o n s e q u e n t ly  t o  th e  f o r m a t io n  o f  an  
a x i a l  h y d r o x y l  g r o u p . W ith  2 -  a n d  4 -  s u b s t i t u t e d  c y c l o -  
h e x a n o n e s ,  c a t a l y t i c  h y d r o g e n a t io n  t h e r e f o r e  y i e l d s  t h e  c i s  
i s o m e r ;  w i t h  3 - s u b s t i t u t e d  c y c lo h e x a n o n e s  th e  t r a n s  iso m e r  
i s  o b t a i n e d .  S i e g e l  s u g g e s t e d  t h a t  t h e  s t e r e o - s p e c i f i c i t y  
o f  t h e  r e a c t i o n  a r i s e s  f rom  i n t e r a c t i o n s  b e tw e e n  th e  s u b ­
s t i t u e n t  a n d  t h e  atom s o f  t h e  c y c l e  com bined w i t h  t h e  r e q u i r e ­
m en t o f  a  p r e c i s e  o r i e n t a t i o n  o f  th e  c a r b o n y l  g ro u p  on th e  
s u r f a c e  o f  t h e  c a t a l y s t .
B r e w s te r  ( 4 3 ) ,  p o i n t e d  o u t  t h a t  on t h e  s t e r i c  g ro u n d s  
s u g g e s t e d  b y  S i e g e l ,  t h i s  b r o a d s i d e - o n  m echanism  o f  a d s o r p ­
t i o n  o f  a  s u b s t i t u t e d  c y c lo h e x a n o n e  on t h e  c a t a l y s t  s u r f a c e
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w o u ld  p ro d u c e  t h e  a x i a l  a l c o h o l  i n  "both n e u t r a l  a n d  a c i d i c  
m e d ia .  S in c e  i t  had b e e n  c o n c lu d e d  from  a s tu d y  o f  th e  
p r o d u c t s  o f  h y d r o g e n a t io n  o f  e t h y l e n e s ,  a c e t y l e n e s  and a r o m a t ic  
com pounds, t h a t  c i s  a d d i t i o n  o f  h y d ro g e n  to  a  d o u b le  bond  
o c c u r s  ( 3 6 , 4 1 ) ,  t h e  v a r i o u s  p r o p o r t i o n s  o f  i s o m e rs  p ro d u c e d  
b y  h y d r o g e n a t i o n  o f  c y c l i c  k e to n e s  u n d e r  d i f f e r e n t  c o n d i t i o n s ,  
p ro m p te d  B r e w s te r  to  s u g g e s t  t h a t  t h e r e  i s  a  fu n d a m e n ta l  
d i f f e r e n c e  i n  th e  m echanism  o f  su c h  h y d r o g e n a t i o n .  He 
t h e r e f o r e  p r o p o s e d  th e  f o l l o w i n g  m echanism s
i n  w h ic h  he  s u g g e s t e d  t h a t  k e to n e s  c a n  a c c e p t  a  p r o t o n  from  
th e  s o l v e n t  and  t h e  e q u i v a l e n t  o f  a  h y d r id e  i o n  from  th e  
c a t a l y s t  i n  t h e  d i s t i n c t  s t e p s  shown above and  t h a t  th e  
f o r m a t i o n  o f  e q u a t o r i a l  o r  a x i a l  a l c o h o l  d ep e n d s  on w h ic h  
s t e p  o c c u r s  f i r s t .  T h is  m echanism  i s  how ever s u b j e c t  t o  th e  
same c r i t i c i s m  w h ic h  he a p p l i e d  t o  S i e g e l ' s  -  nam ely t h e
N e u t r a l
s o l n .
H
a c i d
a x i a l  a l c o h o l
e q u a t o r i a l
a l c o h o l
(M = m e ta l  c a t a l y s t ) -
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i m p l i c a t i o n  o f  s t e r e o s p e c i f i c i t y . The f o r m a t i o n  o f  t h e  
e q u a t o r i a l  s d c o h o l  i n  n e u t r a l  s o l u t i o n  s h o u ld  he s t e r e o -  
s p e c i f i c ,  y e t  th e  r e s u l t s  f o r  r e d u c t i o n  w i th  Raney N ic k e l  
c a t a l y s t  show t h a t  t h i s  i s  n o t  so ;  i n d e e d  w i t h  s t e r i c a l l y  
h i n d e r e d  k e t o n e s ,  e . g .  cam phor, c a t a l y t i c  h y d r o g e n a t i o n  i n ­
v a r i a b l y  g i v e s  a  p r e p o n d e ra n c e  o f  t h e  th e rm o d y n a m ic a l ly  l e s s  
s t a b l e  i s o m e r .  M oreover he i g n o r e s  t h a t  t h e r e  i s  a  f u n d a ­
m e n ta l  d i f f e r e n c e  b e tw e e n  th e  s t r u c t u r e  o f  c y c l i c  k e to n e s  
an d  u n s a t u r a t e d  h y d r o c a r b o n s .  F o r  exam ple w i th  u n sy m m e tr i -  
c a l l y  s u b s t i t u t e d  a c e t y l e n e s  c i s  a d d i t i o n  t o  one o r  o t h e r  
s i d e  o f  th e  d o u b le  bond  p ro d u c e s  t h e  same i s o m e r ,  ( f i g .  4 ,  
o p p .  p .  -2.1 ) .  W ith  c y c l i c  k e to n e s  t h e  c o n f i g u r a t i o n  o f
t h e  i s o m e r s  p ro d u c e d  i s  n o t  r e l a t e d  t o  th e  s u b s t i t u e n t s  a b o u t  
th e  u n s a t u r a t e d  bond  b u t  to  th e  s u b s t i t u e n t s  o f  th e  r i n g .  
D i f f e r e n t  i s o m e r s  m ust n e c e s s a r i l y  be p ro d u c e d  by c i s  a d d i t i o n  
o f  h y d ro g e n  t o  one o r  o t h e r  s i d e  o f  t h e  m o le c u le ,  ( f i g .  5 ,  
o p p .  p .  3.1 ) .  The m echanism  o f  r e d u c t i o n  o f  c y c l i c  k e to n e s
may t h e r e f o r e  be e x p l a i n e d  by S i e g e l  !s t h e o r y  w i t h  t h e  mod­
i f i c a t i o n  t h a t  t h e  c y c lo h e x a n o n e  m o le c u le  may be a d s o rb e d  
t o  g i v e  e i t h e r  a  k e to n e  c a t a l y s t  com plex fo rm ed  b y  e q u a t o r i a l  
a t t a c h m e n t  o f  t h e  c a rb o n  a tom  o f  t h e  C = 0 g ro u p  t o  th e  
c a t a l y s t  s u r f a c e  ( f i g .  2 ,  o p p .  p .  ) o r  a  com plex  fo rm ed  
b y  a x i a l  a t t a c h m e n t  ( f i g .  3 )  a c c o r d in g  to  w h ic h  s id e  o f  th e  
m o le c u le  a p p r o a c h e s  th e  c a t a l y s t  s u r f a c e .  S t e r i c  i n t e r a c t i o n
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b e tw e e n  t h e  s u r f a c e  and t h e  a x i a l  h y d ro g e n  atom s a t  and 
Cg w i l l  c a u s e  some h in d ra n c e  t o  t h e  f o r m a t io n  o f  t h e  com­
p l e x  w i t h  an  a x i a l  c a rb o n  t o  c a t a l y s t  b o n d .  The com plex
w i t h  an  e q u a t o r i a l  c a rb o n  t o  c a t a l y s t  b o n d  w i l l  t h e r e f o r e
p r e d o m i n a t e , and  a d d i t i o n  o f  h y d ro g e n  from  th e  c a t a l y s t  t o
t h i s  com plex  w i l l  y i e l d  th e  a x i a l  a l c o h o l .  B r e w s t e r ’ s 
c r i t i c i s m  o f  t h i s  m echanism  a r i s e s  from  t h e  a s s u m p t io n  t h a t  
t h e  e q u a t o r i a l  com plex i s  fo rm ed  e x c l u s i v e l y .
S in c e  W ick e r  ( s e e  p .  6) h ad  shown t h a t  th e  S k i t a  
r u l e  d o e s  n o t  ap p ly  t o  th e  r e d u c t i o n  o f  c y c lo h e x a n o n e s  and 
t h a t  t h e  a x i a l  a l c o h o l  i s  n o t  n e c e s s a r i l y  fo rm ed  p re d o m in ­
a n t l y  u n d e r  a c i d  c o n d i t i o n s ,  he  d i s m i s s e d  t h e  B r e w s te r  m echan­
ism  a s  i r r e l e v a n t  and  r e t u r n e d  t o  S i e g e l ’s .  He m o d i f i e d  i t  
b y  s u g g e s t i n g  t h a t  th e  e q u a t o r i a l  a l c o h o l  r e s u l t s  f ro m  th e  
m e th y l  c y c lo h e x a n o n e  c o n f o rm a t io n  w h ic h  h a s  an  a x i a l  a l k y l  
s u b s t i t u e n t ; a n  a x i a l  h y d ro x y l  g ro u p  i s  s t i l l  fo rm ed  b u t  
t h e  p r o d u c t ,  th e  a x i a l - a x i a l  a l c o h o l  p a s s e s  r a p i d l y  i n t o  t h e  
more s t a b l e  e q u a t o r i a l - e q u a t o r i a l  f o rm .  (W hile t h i s  m o d i f ­
i c a t i o n  a c c o u n t s  s a t i s f a c t o r i l y  f o r  t h e  f o r m a t i o n  o f  th e  
m ore s t a b l e  i so m e r  f ro m  s im p le  c y c lo h e x a n o n e s ,  i t  d o e s  n o t  
a c c o u n t  f o r  i t s  f o r m a t i o n  from  r i g i d  m o le c u le s  su c h  a s  
c h o l e s t a n - 3 - o n e  w h ic h  e x i s t  i n  one c o n f o rm a t io n  o n l y . )
W ick e r  a l s o  s u g g e s t e d  t h a t  e n o l  fo rm s c o n t r i b u t e  i n  some 
c a s e s  t o  t h e  f o r m a t i o n  o f  th e  s t a b l e  e q u a t o r i a l - e q u a t o r i a l
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i s o m e r  and  c o n c lu d e d  t h a t  p r e d i c t i o n  o f  t h e  s t e r e o i s o m e r i c  
c o m p o s i t i o n  o f  t h e  p r o d u c t s  o f  c a t a l y t i c  h y d r o g e n a t io n  i s  
im p o s s ib l e  u n l e s s  t h e  c o n f o r m a t io n a l  and  t a u t o m e r i c  co m p o s i­
t i o n  o f  t h e  k e to n e  i s  known. A t room t e m p e r a t u r e ,  h o w ev e r ,  
h y d r o g e n a t i o n  o f  k e to n e s  h a s  b e e n  fo u n d  t o  p r o c e e d  e x c l u s ­
i v e l y  v i a  t h e  k e t o -  fo rm  ( 4 4 ) ,  so  t h a t  th e  c o n s i d e r a b l e  p r o ­
p o r t i o n  o f  more s t a b l e  iso m e r  o b t a i n e d  i n  h y d r o g e n a t io n s  a t  
room  t e m p e r a t u r e  c a n n o t  b e  p r o d u c e d  from  th e  e n o l  fo rm .
Vavon ( 6 ) ,  and  C o r n u b e r t  (9 )  h ave  shown t h a t  th e  p r o p o r ­
t i o n  o f  i s o m e rs  i s  r e l a t e d  t o  th e  c a t a l y s t  a c t i v i t y ,  a  h ig h  
p r o p o r t i o n  o f  t h e  th e rm o d y n a m ic a l ly  l e s s  s t a b l e  iso m e r  b e in g  
p r o d u c e d  w i th  a  c a t a l y s t  o f  h ig h  a c t i v i t y .  T h is  may b e  e x ­
p l a i n e d  i n  tw o  w a y s : -
( i )  a  more a c t i v e  c a t a l y s t  w o u ld  g iv e  a  p r e p o n d e ra n c e  
o f  t h e  a x i a l  a l c o h o l  fo rm ed  from  t h e  p r e p o n d e r a n t  e q u a t o r i a l  
com plex  ( i . e .  th e  com plex fo rm ed  w i t h  a n  e q u a t o r i a l  b o n d  b e ­
tw e e n  t h e  c a r b o n  atom  o f  th e  C = 0 an d  th e  c a t a l y s t  ( f i g .  2 ,  
o p p o s i t e  p .  21 ) ,  w h i le  a  l e s s  a c t i v e  c a t a l y s t  w ould  be s e ­
l e c t i v e  j t h e  e n e rg y  change f o r  t h e  o v e r a l l  p r o c e s s
= 0 + H0 — > -  G - OH i s  g r e a t e r  i n  t h e  f o r m a t i o n  o f  2  (
t h e  H
more s t a b l e  i so m e r  w hich  w i l l  t h e r e f o r e  be fo rm ed  t o  a  
g r e a t e r  e x t e n t  w i t h  a  l e s s  a c t i v e  and c o n s e q u e n t ly  more 
s e l e c t i v e  c a t a l y s t .
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(2 )  t h e  h y d r o g e n a t io n  r e a c t i o n  i s  r e v e r s i b l e  
yC = 0 4- h2 ^CHOH
The l e s s  s t a b l e  iso m e r  i s  fo rm ed  p r e f e r e n t i a l l y  owing t o  t h e  
s t e r i c  i n t e r a c t i o n  o f  k e to n e  and  c a t a l y s t  b u t  th e  r e v e r s i b i l ­
i t y  o f  t h e  r e a c t i o n  p e r m i t s  t h e  s low  c o n v e r s io n  t o  t h e  th e rm o ­
d y n a m ic a l ly  m ore s t a b l e  i s o m e r .  W ith  an  i n a c t i v e  c a t a l y s t ,  
t h e  i n c r e a s e d  t im e  f o r  h y d r o g e n a t i o n  w ould  a l lo w  t h e  c o n v e r ­
s i o n  t o  p r o c e e d  f u r t h e r .
I n  o r d e r  t o  t e s t  t h e  s e c o n d  p o s s i b i l i t y ,  a t t e m p t s  w ere  
made t o  e q u i l i b r a t e  t h e  l e s s  s t a b l e  iso m e r  o f  a  c y c l i c  a l c o -  
h p l  u n d e r  t h e  c o n d i t i o n s  o f  h y d r o g e n a t i o n ,  by s h a k in g  a s o l u ­
t i o n  o f  t h e  s u b s t a n c e  w i t h  a h y d r o g e n a t i o n  c a t a l y s t  i n  a
f
h y d ro g e n  a tm o s p h e r e .  C i s -  and  t r a n s  - 2 - m e th y lc y c lo h e x a n o l s
a n d  oL — an d  (3- c h o l e s t a n - 3 - o l s  w ere  u s e d  i n  t h e s e  e q u i l i b r a -
t i o n  s t u d i e s .  C i s -  -  2 - m e th y lc y c lo h e x a n o l  and  o t - c h o le s t a n -
3 - o l  w e re  o b t a i n e d  b y  r e d u c t i o n  w i t h  Adams 1 p l a t i n u m  c a t a l y s t
i n  a c i d  medium o f  -  2 -m e th y lc y c lo h e x a n o n e  and c h o l e s t a n - 3 - o n e
+
r e s p e c t i v e l y .  T ra n s  -  2 - m e th y lc y c lo h e x a n o l  was p r e p a r e d  by 
r e d u c t i o n  o f  -  2 -m e th y lc y c lo h e x a n o n e  w i t h  sodium  an d  e t h a n o l .
(3-C h o i e s t a n - 3 - o l  was p ro d u c e d  b y  h y d r o g e n a t io n  o f  c h o l e s t e r o l  
w i t h  p l a t i n u m  c a t a l y s t  i n  a c i d  medium.
No a p p r e c i a b l e  amount o f  e q u i l i b r a t i o n  o c c u r r e d  when 
oC- c h o l e s t a n - 3 - o l  was s h a k e n  w i t h  Haney N ic k e l  i n  e t h a n o l  
f o r  15 h o u r s  a t  room t e m p e r a t u r e ,  n o r  when i t  was sh a k e n  w i t h
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Adams * p l a t i n u m  c a t a l y s t  i n  d i b u t y l  e t h e r  a t  60° f o r  a s i m i l a r  
l e n g t h  o f  t i m e .  T h e se  e x p e r im e n t s  were r e p e a t e d  w i t h  c i s  - 
2 - m e th y l c y c lo h e x a n o l ; a g a i n  no a p p r e c i a b l e  e q u i l i b r a t i o n  
o c c u r r e d .
W ic k e r  ( 2 2 ) ,  h a s  r e c e n t l y  shown t h a t  e q u i l i b r a t i o n  o f  
c y c lo h e x a n o l s  can  be  a c h i e v e d  b y  h e a t i n g  them w i t h  a l k a l i n e  
h y d r o g e n a t i o n  c a t a l y s t s  s u c h  a s  n i c k e l  o r  p l a t i n u m  i n  a n  a t ­
m o sp h e re  o f  h y d ro g e n ,  and t h a t  e q u i l i b r a t i o n  c a n  be  b r o u g h t  
a b o u t  a t  room t e m p e r a tu r e  i f  s u f f i c i e n t  c a t a l y s t  i s  u s e d .
The f o l l o w i n g  r e s u l t s  w ere  a b s t r a c t e d  from  h i s  p a p e r : -
G amp ound Temp • C a t . $ | R ea cn .  t im e  
| ( h r s . )
S t a b l e  
iso m e r  ; 
$  i n  j 
p r o d u c t  \
3 : 3 : 5 - t r i m e t h y l -  
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(The e q u i l i b r i u m  m ix tu r e  was fo u n d  t o  c o n t a i n  7 6 $  c i s  iso m e r .)  
H is  r e s u l t  w i t h  p l a t i n u m  showed t h a t  l i t t l e  e q u i l i b r a t i o n  was 
o b t a i n e d  a l t h o u g h  he u s e d  a  much h i g h e r  t e m p e r a t u r e  ( 1 4 0 ° ) ,  
t h a n  was u s e d  i n  t h e  p r e s e n t  work ( 6 0 ° ) .  H is  r e s u l t s  w i t h  
i i i c k e l  c a t a l y s t  how ever, a r e  i n  c o n t r a d i c t i o n  w i t h  th o s e  o f  
t h e  p r e s e n t  w o rk . I t  w o u ld  seem t h a t  t h i s  w as owing t o  th e
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f a c t  t h a t  w h i l e  W icker  o b t a i n e d  e q u i l i b r a t i o n  w i th  u n d i l u t e d
c y c lo h e x a n o l  and c a t a l y s t ,  i n  th e  p r e s e n t  w ork  e q u i l i b r a t i o n
was a t t e m p t e d  i n  a  c o n s id e r a b l e  e x c e s s  o f  e t h a n o l  s o l v e n t .
+
When c i s  -  2 - m e th y l - c y c lo h e x a n o l  was sh a k e n  w i t h  Raney N ic k e l  
f ro m  w h ic h  e t h a n o l  h ad  b e e n  d e c a n t e d ,  some i s o m e r i s a t i o n  was 
o b s e rv e d  a t  room t e m p e r a t u r e .  The e v id e n c e  however, i n d i c a t e s  
t h a t  u n d e r  t h e  e x p e r im e n ta l  c o n d i t i o n s  o f  h y d r o g e n a t io n  u s e d  
i n  t h e  p r e s e n t  w o rk ,  t h e  p r o p o r t i o n  o f  e p im e r ic  a l c o h o l s  i s  
n o t  a f f e c t e d  t o  any g r e a t  e x t e n t  b y  i s o m e r i s a t i o n .  W ick er  
came t o  t h e  same c o n c l u s io n .  I t  w o u ld  t h e r e f o r e  a p p e a r  
t h a t  t h e  p r o p o r t i o n  o f  iso m e rs  i s  r e l a t e d  t o  t h e  a c t i v i t y  o f  
t h e  c a t a l y s t  and  th e  r e a d i n e s s  w i t h  w h ic h  i t  form s th e  
e q u a t o r i a l  k e t o n e - c a t a l y s t  com plex r a t h e r  t h a n  t o  a  th e rm o ­
d y n a m ic a l ly  c o n t r o l l e d  r e v e r s i b l e  r e a c t i o n .
E q u i l i b r a t i o n  h a s  a l s o  b e e n  a c h i e v e d  by  r e f l u x i n g  an  
e t h a n o l i c  s o l u t i o n  o f  a  c y c lo h e x a n o l  o v e r  Raney N i c k e l .  Such 
a  m e th o d  o b v i a t e s  t h e  n eed  f o r  a n  a tm o sp h e re  o f  h y d ro g e n .
A m i x t u r e  o f  o(- and  (3- c h o l e s t a n - 3 - o l s  c o n t a i n i n g  23$ o f  
t h e  oC- i so m e r  was o b t a in e d  from  o(- c h o l e s t a n - 3 - o l .  F u r t h e r  
r e f l u x  w i t h  f r e s h  c a t a l y s t  d i d  n o t  v a ry  t h i s  p e r c e n t a g e .  A 
s i m i l a r  e x p e r im e n t  w i th  (3- c h o l e s t a n - 3 - o l  g av e  a  m ix tu r e  
c o n t a i n i n g  2 0 $  o f  t h e  i s o m e r .  A n a ly s e s  o f  th e  m ix tu r e s
w ere  e f f e c t e d  b y  means o f  a  m e l t i n g  p o i n t  c o m p o s i t io n  d ia g ra m
Ar
a n d  b y  c h r o m a to g ra p h ic  s e p a r a t i o n .  E q u i l i b r a t i o n  o f  c i s -  - -
2 - m e th y lc y c lo h e x a n o l  by  t h e  same m ethod gave a  m ix tu r e
F i g u r e  G.
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c o n t a i n i n g  1 5 $  o f  t h e  c i s  i s o m e r .  I t  may he  i n f e r r e d  t h a t  
d e h y d r o g e n a t io n  o f  t h e  c y c lo h e x a n o l  i s  o c c u r r i n g  o v e r  Raney 
N ic k e l  i n  r e f l u x i n g  e t h a n o l  t o  fo rm  t h e  k e to n e  w h ich  i s  r e ­
h y d r o g e n a te d  a t  th e  e x p en se  o f  e t h a n o l ,  t h u s  d i s p e n s i n g  w i th  
t h e  n e e d  f o r  an  a tm o sp h e re  o f  h y d ro g e n  i n  w h ich  t o  c o n d u c t  
t h e  e q u i l i b r a t i o n .  (Mozingo ( 4 5 ) ,  h a s  r e d u c e d  k e to n e s  i n  
e t h a n o l  b y  r e f l u x i n g  th e  s o l u t i o n  over  Raney N i c k e l . )  A 
com plex  e q u i l i b r a t i o n  may be v i s u a l i s e d  i n v o l v i n g  t h e  two c o n ­
f o r m a t i o n s  o f  t h e  k e to n e ,  t h e i r  a d s o r p t i o n  com plexes  w i t h  th e  
c a t a l y s t  an d  t h e  c o n fo rm a t io n s  o f  t h e  i s o m e r i c  c y c l o h e x a n o l s . 
T h i s  i s  i l l u s t r a t e d  f o r  2 - m e th y lc y c lo h e x a n o l  i n  f i g u r e  6 .
To a c c o u n t  f o r  th e  i s o m e r i s a t i o n  o f  c y c l o h e x a n o l s ,
W ic k e r  ( l o c .  c i t . ) ,  s u g g e s te d  t h e  f o l l o w i n g  m e c h a n ism :-
t r a n s  a l c o h o l ; ^  k e to n e  ( e - a l k y l  )^z± k e to n e  ( a - a l k y l ) ^ = ^  c i s  a l c o h o l .
S i n c e ,  h o w ev e r ,  he h as  a l r e a d y  s u g g e s t e d  ( s e e  p .  a*#- ) ,  t h a t  
i n  t h e  h y d r o g e n a t i o n  o f  s u b s t i t u t e d  c v c lo h e x a n o n e s , t h e  
e q u a t o r i a l  a l c o h o l  r e s u l t s  from  t h e  a x i a l  k e to n e ,  i t  m ig h t  
h av e  b e e n  more l o g i c a l  t o  p o s t u l a t e
c i s  a l c o h o l ^  k e to n e  ( e - a l k y l )  k e to n e  ( a - a l k y l ) ^  t r a n s  a l c o h o l
w h ic h  i s  e s s e n t i a l l y  s t e p s  1 — > 2 — >8 >9 >10  ( f i g .  6 ) .
S uch  a  m echanism  d o e s  n o t  a c c o u n t  f o r  i s o m e r i s a t i o n  o f  r i g i d  
m o le c u le s  s u c h  a s  c h o l e s t a n - 3 - o l .  I t  w o u ld  t h e r e f o r e  a p p e a r
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t h a t  w h i le  f o r  s im p le  c y c lo h e x a n o l s  some e q u i l i b r a t i o n  o c c u r s  
b y  W i c k e r ’s m echan ism , th e  i m p o r t a n t  s t e p s  i n  th e  i s o m e r i s a ­
t i o n  a r e  s t e p s  1 — > 2 -----> 3  > 4 ,  i n  w hich  t h e  a x i a l  a l c o ­
h o l  i s  d e h y d ro g e n a te d  t o  th e  k e to n e ;  when t h e  k e to n e  i s  r e ­
a d s o r b e d  by th e  c a t a l y s t ,  some c a t a l y s t - k e t o n e  com plex i s  
fo rm e d  b y  a x i a l  a t t a c h m e n t  o f  t h e  c a rb o n  atom  o f  t h e  c a r b o n y l  
g ro u p  and  l e a d s  t o  f o r m a t i o n  o f  th e  e q u a t o r i a l  a l c o h o l  
( s e e  p .  <2.3 ) .  I n  a  q u a n t i t a t i v e  s tu d y  o f  c o n f o r m a t io n a l  
a n a l y s i s ,  W i n s t e i n  and  H o ln e ss  ( 4 6 ) ,  have  e s t i m a t e d  t h a t  th e  
am ount o f  c i s - 2 - a l k y l c y c l o h e x y l  e s t e r  w hich  e x i s t s  i n  th e  
e q u a t o r i a l - e s t e r  a x i a l - s u b s t i t u e n t  c o n f o r m a t io n  i s  a b o u t  2 0 $ . 
I t  i s  t h e r e f o r e  t o  b e  e x p e c te d  t h a t  w i t h  s im p le  a l k y l - c y c l o -  
h e x a n o l s  some o f  t h e  a x i a l  e q u a t o r i a l  iso m e r  e x i s t s  i n  th e  
c o n f o r m a t io n  w i t h  t h e  h y d ro x y l  g ro u p  e q u a t o r i a l  a n d  t h a t  
some e q u i l i b r a t i o n  a l s o  o c c u r s  by s t e p s  6 -----> 7 > 9 > 10 .
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E X P E R I M E N T A L
H y d r o g e n a t io n  o f  c y c l i c  k e t o n e s . The. h y d r o g e n a t i o n  o f  
c y c l i c  k e to n e s  o v e r  Raney N ic k e l  and  p ro m o te d  Raney N ic k e l  
c a t a l y s t s  i s  d e s c r i b e d  i n  p a r t  1 ,  pp . m  5k.
R e c o v e ry  o f  th e  a l c o h o l  p r o d u c t  o f  h y d r o g e n a t i o n . The 
r e c o v e r y  o f  t h e  p r o d u c t  o f  h y d r o g e n a t io n  i s  d e t a i l e d  i n  
p a r t  1 ,  p . 5" 7 .
D e t e r m i n a t i o n  o f  p e r c e n t a g e  o f  c i s  i s o m e r * The p e r ­
c e n t a g e  o f  c i s  i so m e r  p r e s e n t  i n  a  m ix tu r e  o f  c i s  and  t r a n s  
m e th y lc y c lo h e x a n o l s  was d e te r m in e d  f ro m  th e  d e n s i t y  o f  th e  
m ix t u r e  an d  th e  d e n s i t i e s  o f  th e  p u r e  i s o m e rs  g i v e n  b y  
M acheth  e t  a l .  ( 3 1 ) .  The p e r c e n t a g e  o f  a x i a l  iso m e r  ( ^ ) ,  i s
g i v e n  b y  t h e  r e l a t i o n  % = d ~d l .... w here  d  i s  t h e  d e n s i t y
d 2~dl
o f  t h e  m i x t u r e  o f  i so m e rs  a n d  d^ and  d g a r e  th e  d e n s i t i e s  o f  
t h e  e q u a t o r i a l  an d  a x i a l  i s o m e r s  r e s p e c t i v e l y .  The d e n s i t y  
o f  t h e 'm i x t u r e  o f  i so m e rs  was d e te r m in e d  i n  a  pyfenometer o f  
5 -m l .  c a p a c i t y  u s in g  a  t h e r m o s t a t  b a t h  w h ich  was r e g u l a t e d  
t o  30 -  0 .0 2 °  G. The r e s u l t s  a r e  g iv e n  i n  t a b l e  5 .
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TABLE 5 . The p e r c e n t a g e  (x) o f  a x i a l  iso m e r  o b t a i n e d  b y  
h y d r o g e n a t i o n  o f  m e th y lc y c lo h e x a n o n e s .
C a t a l y s t  s y s te m C y c lo h e x a n o l  p r o d u c t  \ d  j d l
X
j R aney  N ic k e l 2 -m e th y l 0 .9 2 2 8  I 0 .9 1 7 4 0.92741 54
P l a t i n i s e d  Raney N ic k e l  
4 NaOH tt  s 0 .9 2 3 6  | tt "  j 62
R aney  N ic k e l  + Et~N 4  
H g P tC l6 4 NaOH.
» f
1
0 .9 2 4 0  !
1t
tt ** | 66
i
R aney  N i c k e l 3 -m e th y l  [
1
0 .9 1 0 7  | 0 .9 0 7 2 0 .9 1 3 7 |  54





f 0 .9 1 1 1  !
« 11 j 60
R aney  N ic k e l  f  E t 3N f 
H g P tC l6 + NaOH
£
» s 0 .9 1 1 4  j n 11 65
R an ey  N ic k e l 4 -m e th y l  ! 0 .9 1 1 5  | 0 .9 0 4 0 0 .9 1 7 3 :  56;
R aney  N ic k e l  1 E t J  f  
H2P t C l 6 + NaOH
5
tt i
___ _____ _ L
0 .9 1 2 7  ; tt w 65
|
The p e r c e n t a g e  o f  ( - ) i s o b o r n e o l  i n  t h e  h y d r o g e n a t io n  o f  
( 4 ) cam phor was o b t a i n e d  from  th e  o p t i c a l  r o t a t i o n  o f  th e  
( 4 ) b o r n e o l  ( - )  i s o b o r n e o l  m i x t u r e .  The p e r c e n t a g e  o f  
( - )  i s o b o r n e o l  x  = w here  d ,  oL , and  a r e  t h e
r o t a t i o n s  o f  e t h a n o l i c  s o l u t i o n s  o f  th e  i s o m e r i c  m i x t u r e ,
(4 )  b o r n e o l ,  and  ( - )  i s o b o r n e o l  r e s p e c t i v e l y .  oL was d e t e r ­
m in ed  f o r  a  10% s o l u t i o n  i n  e t h a n o l .  The r e s u l t s  a r e  g i v e n  
i n  T a b le  6 .
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TABLE 6 . P e r c e n ta g e  ( x )  o f  ( - )  i s o b o r n e o l  o b t a i n e d  i n  th e  
p r o d u c t  o f  h y d r o g e n a t io n  o f  ( + ) cam phor.
------------------------------ ------- ----------------
C a t a l y s t  sy s te m
R aney  N ic k e l - 2 8 .9 *37 .4 - 3 4 .2 93 |
P l a t i n i s e d  Raney N ic k e l  
+ NaOH - 3 2 .3 tt tt
|
97 |
Raney N i c k e l  + E t 3N 
+ HgPtGlg + NaOH
- 3 2 .9 tt tt
-  -  - ..............
98 j
S e p a r a t i o n  and  I d e n t i f i c a t i o n  o f  c i s -  and  t r a n s  ( - )  
- 2 : 2 : 6 "  t r i m e t h y l - c y c l o h e x a n o l s . The c i s  and  t r a n s  i so m e rs  
o f  ( - )  - 2 : 2 : 6 -  t r i m e t h y l - c y c l o h e x a n o l  w ere  s e p a r a t e d  by  t h e  
c h r o m a to g ra p h ic  m eth o d  u se d  b y  Vavon an d  G as tam b ib e  f o r  
b o r n e o l - i s o b o r n e o l  m ix tu r e s  ( 3 4 ) .  2 : 2 : 6 -  T r i m e t h y l c y c l o -
h e x a n o l  ( 1 2 . O g.)  was d i s s o l v e d  i n  p e t r o le u m  e t h e r  (100 m l,  
4 0 -6 0 )  a n d  t h e  s o l u t i o n  was p a s s e d  t h r o u g h  a  ch rom atogram  
t u b e  c o n t a i n i n g  a  colum n o f  a lu m in a  (30 x  4 cm ). The column 
w as e l u t e d  w i t h  v a r i o u s  s o l v e n t s  an d  f r a c t i o n s  w ere  c o l l e c t e d  
a s  d e t a i l e d  i n  T a b le  7 .
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T a b le  7
S e p a r a t i o n  o f  c i s -  and t r a n s - ( - ) - 2 : 2 : 6 -  t r i m e t h y l c y c l o h e x a n o l s
; F r a c t i o n E l u a n t
|A lc . e l u t e d  j 
a m t . i n  % c i s
3 :5  d i n i t r o -  ; 
b e n z o a te  m.p.i
1 P e t .  e t h e r 400 ml j 0 .4 3 97
2 it it 400 ml j 0 .5 1 66
3 it ti 800 ml f 0 .4 2 60
4 tt n 1 ,5 0 0 ml 11 0 .3 9 60
5 ° 6 H6 500 ml Ij 0 .2 7 50
6 s tt 1 ,3 0 0 ml | 1 .3 1 50
7 *




0 .4 2 45
8 EtOH 300 ml j 5 .1 5 12
9 tt 300 ml j1 0 .2 0
10 it 300 m l I- —
i
1 1 8 -1 2 3
1 0 0 -1 0 7  
98-102  
98-102  
98 -104  
98-104
101-106  
1 2 2 -1 3 0
T o t a l  a l c o h o l  r e c o v e r e d  9 .5 0  g .
The 3 :5  d i n i t r o b e n z o a t e s  o f  f r a c t i o n s  1 a n d  8 w ere  p r e ­
p a r e d  and  r e c r y s t a l l i s e d  from  e t h a n o l  u n t i l  o f  c o n s t a n t  m e l t ­
i n g  p o i n t .
F r a c t i o n  1 -  3 :5  d i n i t r o b e n z o a t e  m .1 2 4 0 (C,H,N ( fo u n d )  5 7 .3 0 ,
6 . 2 9 ,  8 . 3 4 .
( c a l c U ) 5 7 .1 2 ,  6 .0 0 ,  
8 .3 4 )
H y d r o l y s i s  o f  t h e  e s t e r  gave a n  a l c o h o l  m .6 2 - 6 3 ° .
F r a c t i o n  8 - 3 : 5  d i n i t r o b e n z o a t e  m .1 3 5 0 (C , H, N ( fo u n d )  5 7 .2 5 ,
5 . 7 7 ,  8 .5 2 )
H y d r o ly s i s  o f  t h e  e s t e r  gave an  a l c o h o l  m .4 8 - 4 9 .5 ° .
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A s e r i e s  o f  m ix tu r e s  o f  t h e  two d i n i t r o b e n z  o a t e s  was 
made up an d  t h e i r  m e l t i n g  p o i n t s  w ere  d e te r m in e d  ( t a b l e  8 ) .
T a b le  8
M ixed m e l t i n g  p o i n t s  o f  c i s -  an d  t r a n s -  ( - ) - 2 : 2 : 6 - t r i m e t h y l -  
c y c l o h e x y l - 3 : 5 - d i n i t r o b e n z o a t e s
% c i s m e l t i n g  p o i n t % c i s m e l t i n g  p o i n t
1 130-135 50 1 0 2 -1 0 4
9 122-1 3 1 60 1 0 0 .5 - 1 0 2 .5
17 117-1 2 8 70 1 0 0 .5 -1 1 1
25 1 0 3 -1 2 4 80 1 0 2 -1 1 5 .5
4 31 1 0 3 -1 1 8 .5 90 1 1 1 .5 - 1 2 0 .5
35 1 0 2 -1 1 4 95 118 -1 2 2 .5
40 1 0 2 -1 1 0 98 122 -124
Prom t h e  m e l t i n g  p o i n t s  o f  t h e  3 :5  d i n i t r o b e n z o a t e s  o f  
t h e  p r o d u c t s  a n d  t h e i r  m ixed  m e l t i n g  p o i n t s  w i t h  t h e  p u re  
e s t e r s ,  t h e  p e r c e n t a g e s  o f  c i s  isOmer i n  th e  p r o d u c t s  ob­
t a i n e d  f ro m  t h e  h y d r o g e n a t io n  o f  ( -  ) -2  : 2 : 6 - t r i m e t h y l c y c l o -  
h ex an o n e  o v e r  Raney N ic k e l  and  p ro m o ted  Raney N ic k e l  c a t a l y s t s  
w ere  f o u n d ,  u s in g  a  d ia g ra m  c o m p ile d  f ro m  t a b l e  8 .  The 
r e s u l t s  a r e  g i v e n  i n  t a b l e  9 .
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T a b le  9
P e r c e n t a g e  o f  c i s - ( ~ ) - 2 : 2 : 6 - t r i m e t h y f c y c l o h e x a n o l  I n  th e  
p r o d u c t  o f  h y d r o g e n a t io n  o f  ( - ) - 2 : 2 : 6 - t r i m e t h y l c y c l o h e x a n o n e .
P r o d u c t
C a t a l y s t  sy s te m °/o r e c . b . p . 3 :5  d i n i t r o b e n z o ­
a t e  m .p .
% c i s
Raney N ic k e l 92 b l 8  8 1 -8 2 ° 1 0 0 -1 0 4 50
P l a t i n i s e d  R aney N ic k e l  
* NaOH 91 b - g  8 2 -8 4 ° 1 0 0 -1 0 6 45
R aney  N ic k e l  * PJt^N t  
H gP tC lg  + NaOH 90
L _
jfi18 8 2 -8 4 ° 100-106
i
45
P r e p a r a t i o n  o f  m e th y lc y c I o p e n ta n o n e 3 . P a r t  I ,  p .  3 8.
H y d r o g e n a t io n  o f  m e th y lc y c lo p e n ta n o n e s  o v e r  Raney N ic k e l  and  
p ro m o te d  Raney N ic k e l  c a t a l y s t s . P a r t  I ,  p .  *£
R e d u c t io n  o f  m e th y lc y c lo p e n ta n o n e s  w i t h  sod ium  an d  m o is t  
e t h e r  ( 4 8 ) .  Sodium w i r e  (3 .9 5  g . )  was ad d ed  i n  p i e c e s  t o  
a  s o l u t i o n  o f  m e th y lc y c lo p e n ta n o n e  ( 4 .9 0  g . )  i n  d i e t h y l  e t h e r  
(40  m l . )  and  w a t e r  ( 7 .5  m l . ) .  The r e a c t i o n  m ix tu r e  was s t i r r e d  
an d  c o o le d  i n  a  w a te r  b a t h  t o  m o d e ra te  th e  r e a c t i o n .  When 
t h e  sod ium  h ad  d i s s o l v e d ,  t h e  two l a y e r s  w h ich  h ad  fo rm ed  w ere 
s e p a r a t e d ;  t h e  e t h e r  l a y e r  was w ashed  w i th  d i l u t e  h y d r o c h l o r i c  
a c i d  (5 m l . ,  6 N) ,  t h e n  w i t h  w a t e r  (5 m l . )  and  d r i e d  o v e r  
MgS04  (10 g . ) .  The e t h e r  was s t r i p p e d  o f f  and  th e  r e s i d u e  
was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .
J,
( - )  2 - m e th y l c y c lo p e n ta n o l ,  y i e l d  8 5$ , b 1Q 5 8 -6 2 ° ,
3 : 5 - d i n i t r o b e n z o a t e  m .8 0 - 8 3 ° .
f
( - )  5 - m e th y l c y c lo p e n ta n o l ,  y i e l d  8 2$ , 7 5 - 7 6 ° ,oo
3 : 5 - d i n i t r o b e n z o a t e  m .9 4 .5 - 9 6 °
j
R e d u c t io n  o f  ( - ) - 2 - m e t h y l c y c l o p e n t a n o n e  w i t h  sodium  and  
a l c o h o l  y i e l d e d  ( - ) - 2 - m e t h y l c y c l o p e n t a n o l  i n  o n ly  30$ y i e l d  
a n d  a  c o n s i d e r a b l e  amount o f  h ig h  b o i l i n g  r e s i d u e .
R e d u c t io n  o f  m e th y lc y c lo p e n ta n o n e s  w i t h  l i t h i u m  a lum in ium  
h y d r id e  ( 1 2 ) .  M e th y lc y c lo p e n ta n o n e  (4 .9 0  g . )  i n  an h y d ro u s  
d i e t h y l  e t h e r  (50  m l . )  was ad d ed  w i t h  s t i r r i n g  t o  a  f l a s k  
c o n t a i n i n g  l i t h i u m  a lu m in iu m  h y d r id e  ( 3 .8 0  g . )  and  e t h e r  
1 20  m l . )  a t  su c h  a  r a t e  a s  t o  m a i n t a i n  g e n t l e  r e f l u x .  R e- 
f l u x i n g  was c o n t in u e d  f o r  6 h o u rs  a f t e r  th e  a d d i t i o n  had  b e e n  
c o m p le te d .  The f l a s k  was c o o le d ;  i c e - c o l d  w a t e r  was ad d ed  
d ro p  b y  d ro p  w i t h  c o n s t a n t  s t i r r i n g  and  c o o l in g  u n t i l  e x c e s s  
l i t h i u m  a lu m in iu m  h y d r id e  h a d  r e a c t e d .  The r e s u l t i n g  w h i te  
s u s p e n s i o n  was a d d e d  t o  i c e  w a te r  (50  m l . ) ,  d i l u t e  s u l p h u r i c  
a c i d  was a d d e d ,  and  th e  m ix tu r e  was s t i r r e d  t o  d i s s o l v e  t h e  
s u s p e n s i o n .  The e t h e r  l a y e r  was s e p a r a t e d  o f f ;  t h e  a q u eo u s  
l a y e r  was e x t r a c t e d  w i t h  more e t h e r  (2 x 50 m l . )  and  th e  
com bined  e t h e r  e x t r a c t s  w ere  d r i e d  o v e r  MgSO^. The r e d u c t i o n  
p r o d u c t  was t h e n  r e c o v e r e d  b y  d i s t i l l a t i o n .
( - ) - 2 - m e t h y l c y c l o p e n t a n o l ,  y i e l d  6 7 $ ,  b 21 6 2 - 6 4 ° ,
3 : 5 - d i n i t r o b e n z o a t e  m. 7 2 -7 4 °
( - ) - 3 - m e t h y l c y c l o p e n t a n o l ,  y i e l d  6 2 $ ,  b 1Q 6 1 - 6 3 ° ,
3 : 5 - d i n i t r o b e n z o a t e  ra .9 4 .5 -9 6
R e d u c t io n  o f  m e th y lc y c lo p e n ta n o n e s  w i t h  a lum in ium  i s o p r o p o x - 
i d e  ( 5 0 ) . M e th y lc y c lo p e n ta n o n e  ( 9 .8 0  g . ,  0 .1  m o le . )  i n  
i s o p r o p y l  a l c o h o l  (120  m l . )  was add ed  t o  a lum in ium  i s o p r o p o x - 
i d e  (20  g . )  i n  i s o p r o p y l  a l c o h o l  (70 m l . )  c o n t a i n e d  i n  a 500 
m l .  f l a s k  e q u ip p e d  w i t h  f r a c t i o n a t i n g  colum n, s t i l l h e a d ,  c o n ­
d e n s e r  and  r e c e i v e r .  The f l a s k  was r e f l u x e d  g e n t l y  t o  m a in ­
t a i n  a  t e m p e r a tu r e  o f  6 0 -7 0 °  a t  t h e  s t i l l - h e a d  u n t i l  th e  
d i n i t r o p h e n y l h y d r a z i n e  t e s t  f o r  a c e to n e  i n  th e  d i s t i l l a t e  
w as n e g a t i v e .  The i s o p r o p y l  a l c o h o l  was rem oved u n d e r  r e ­
d u c e d  p r e s s u r e  (120 m m .). D i l u t e  s u l p h u r i c  a c i d  ( 1 : 6 ,  120 
m l . )  was added,* t h e  o i l y  l a y e r  was s e p a r a t e d  o f f ;  th e  a c i d  
l a y e r  was e x t r a c t e d  w i th  b e n z e n e  (2 x  50 m l . ) ,  and th e  com­
b i n e d  e x t r a c t s  w ere  d r i e d  o v e r  m agnesium  s u l p h a t e .  The 
b e n z e n e  a n d  i s o p r o p y l  a l c o h o l  w ere d i s t i l l e d  o f f  th r o u g h  a 
b e a d - p a c k e d  co lum n, w h ich  was t h e n  w ashed  down w i t h  e t h e r .
The e t h e r  was d i s t i l l e d  o f f  a n d  th e  r e d u c t i o n  p r o d u c t  o b t a i n e d  
b y  d i s t i l l a t i o n .
( 1 ) - 2 - m e t h y l c y c l o p e n t a n o l  b-^g 5 4 - 5 8 ° ,  y i e l d  80$ ,
3 : 5 - d i n i t r o b e n z o a t e  m .6 4 - 6 5 ° .
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( - ) - 3 - m e t h y l c y c l o p e n t a n o l  b 30 7 1 - 7 3 ° ,  y i e l d  8 2 $ ,
3 :5  d i n i t r o b e n z o a t e  m .9 2 .5 - 9 5 .5 ° .
R e d u c t io n  o f  m e th y lc v c lo p e n ta n o n e s  w i t h  Adams* P la t in u m  
C a t a l y s t , ( 8 ) .  M e th y lc y c lo p e n ta n o n e  ( 4 .9 0  g . )  i n  a c e t i c  a c i d  
(100 m l . )  c o n t a i n i n g  a  s m a l l  amount o f  h y d ro b ro m ic  a c i d  (1 m l . )  
w as h y d r o g e n a te d  o v e r  p l a t i n u m  o x id e  c a t a l y s t  ( 1 .0  g . ,  s u p ­
p l i e d  b y  J o h n so n -M a t th e y  Co. L t d . ) .  The r a t e  o f  h y d ro g e n a ­
t i o n  was s lo w ,  o n ly  h a l f  t h e  t h e o r e t i c a l  amount o f  h y d ro g e n  
b e i n g  a b s o r b e d .  A f t e r  h y d r o g e n a t i o n ,  t h e  a c i d  s o l u t i o n  was 
t r e a t e d  w i t h  sod ium  h y d ro x id e  (2 g .  NaOH i n  4 m l .  H^O) and  
f i l t e r e d .  A c e t i c  a c i d  was rem oved f ro m  th e  f i l t r a t e  u n d e r  
r e d u c e d  p r e s s u r e .  The r e s i d u e  was s a p o n i f i e d  w i th  a l c o h o l i c  
p o t a s s i u m  h y d r o x id e ;  t h e  h y d ro x id e  s o l u t i o n  was n e u t r a l i s e d  
w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  and  was e x t r a c t e d  w i t h  b e n z e n e .  
The b e n z e n e  e x t r a c t  was w ashed  w i t h  d i l u t e  sodium  b i c a r b o n a t e  
s o l u t i o n  a n d  t h e n  d r i e d  o v e r  m agnesium  s u l p h a t e .  The h y d r o ­
g e n a t i o n  p r o d u c t  was r e c o v e r e d  f ro m  t h e  b e n z e n e  s o l u t i o n  b y  
d i s t i l l a t i o n .  The r e s u l t s  a r e  sum m arised  i n  T a b le  1 0 .
T a b le  10
H y d ro g e n a t io n  o f  m e th y lc y c lo p e n ta n o n e s  o v e r  Adams p l a t i n u m
c a t a l y s t  .
iTime f o r V o l .  o f  P r o d u c t - 3 : 5 - d i n i t r o -
C y c lo p e n t - h y d r o g e n a ­ h y d ro g e n  j c y c l o - Y i e l d b e n z o a te
anone t i o n a b s o rb e d  I p e n ta n o l $ m .p .
( h r s . ) ( t h e  o r - l 2 00m l);
2 - m e th y l ' 24 650 ; 2 -m e th y l 44 7 3 - 7 4 .5 °
3 -m e th y l 20 
X. _  -------------
650 \ 3 -m e th y l 40 9 0 -9 3 °
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D e t e r m i n a t i o n  o f  c i s : t r a n s  r a t i o  o f  ( * ) - 2 - m e t h y l c y c l o p e n t a n o l s . 
T r a n s  ( -  ) - 2 - m e t h y l c y c l o p e n t y l - 3 : 5 - d i n i t r o b e n z o a t e  m .8 7 -8 8 °  
was o b t a i n e d  by  r e c r y s t a l l i s a t i o n  o f  th e  d i n i t r o b e n z o a t e  o f  
t h e  p r o d u c t  o f  r e d u c t i o n  o f  ( - ) - 2 - m e t h y l c y c l o p e n t a n o n e  w i t h  
so d iu m  and  m o i s t  e t h e r .  C i s - ( - ) - 2 - m e t h y l c y c l o p e n t y l - 3 15-  
d i n i t r o b e n z o a t e  m .1 1 9 -1 2 0 ° ,  (0 5 5 .1 ,  H 4 . 7 ,  N 9 . 1 ;  c a l c .
G 5 4 . 9 ,  H 4 . 6 ,  N 9 . 1 ) ,  was o b t a i n e d  from  th e  p r o d u c t  o f  
h y d r o g e n a t i o n  o f  ( - ) - 2 - m e t h y l - c y c lo p e n t a n o n e  o v e r  Raney N ic k e l .  
M e l t in g  p o i n t s  o f  a  s e r i e s  o f  m i x t u r e s  were d e te r m in e d  
(T a b le  1 1 ) .  Prom th e  t a b l e  a b i n a r y  m e l t i n g  p o i n t  d ia g ra m  
was d raw n and  was u s e d  f o r  t h e  e s t i m a t i o n  o f  t h e  p e r c e n t a g e  
o f  c i s  iso m e r  p r e s e n t  i n  th e  p r o d u c t  from  ( - ) - 2 - m e t h y l c y c l o -  
p e n ta n o n e  r e d u c e d  b y  c h e m ic a l  and  c a t a l y t i c  m e th o d s .
T a b le  11
B i n a r y  m e l t i n g  p o i n t s  o f  c i s -  an d  t r a n s - ( - ) - 2 - m e t h y l c y c l o -
p e n t y l - 3 :5 - d i n i t r o b e n z o a t e s
% c i s  d i n i t r o ­
b e n z o a t e
m . p . ,  . % c i s  d i n i t r o ­
b e n z o a te
m . p . ,  6C . 1
1 0 .5 81-82 5 1 .5 6 8 - 6 9 .6
2 1 .0 74-76 6 5 .0 7 3 . 8 - 7 7 . 2  |
i
3 1 .0 6 9 - 7 0 .4 7 8 .5 8 6 . 0 - 8 6 . 8  j
4 2 .0
i
6 5 - 6 6 .4 9 1 .0
L. _____ _____ ____________ ___ — ------.. .  — 1
9 9 .6 - 1 0 2 .0  j
...........J
( - ) 5 - M e t h y l c y c l o p e n t a n o l s . R e c r y s t a l l i s a t i o n  o f  t h e
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3 i5 - d i n i t r o b e n z o a t e  o f  ( - ) - 3 -m e th y lc y c lo p e n ta n o l  p ro d u c e d  "by 
c h e m ic a l  and  b y  c a t a l y t i c  r e d u c t i o n  o f  ( - ) - 3 - m e t h y l c y c l o p e n t -  
anone  y i e l d e d  i n  e v e ry  c a s e  th e  c i s - e s t e r  m .1 0 7 .6 - 1 0 8 .6 ° ,
(G 5 5 . 0 ,  H 4 . 6 ,  N 9 . 0 ;  c a l c .  C 5 4 . 9 ,  H 4 . 6 ,  N 9 . 1 ) .  From 
t h e  r i s e  i n  m e l t i n g  p o i n t  o f  th e  e s t e r ,  i t  was e s t i m a t e d  
r o u g h ly  t h a t  t h e  t r a n s  i so m e r  was p r e s e n t  t o  a n  e x t e n t  o f  
2 0 -3 0 $  i n  t h e  r e d u c t i o n  p r o d u c t .  S a p o n i f i c a t i o n  o f  th e  
p u r e f i e d  3 : 5 - d i n i t r o b e n z o a t e  w i t h  a l c o h o l i c  p o ta s s iu m  h y d r o x ­
id e  g ave  c i s - ( - ) - 2 - m e t h y l c y c l o p e n t a n o l , 6 3 . 8 - 6 4 . 0 ° ,
25 25
d^  0 .9 0 9 4 ,  it^  1 .4 4 4 0 ,  p - n i t r o b e n z o a t e  m .7 1 - 7 2 .5 ° .
E q u i l i b r a t i o n  o f  c i s  ( - ) - 5 - m e th y lc y c lo p e n ta n o l  ( 4 9 ) .  C i s - ( - ) -
3 - m e th y l c y c lo p e n ta n o l  ( 1 .0  m l . )  was h e a t e d  f o r  24 h o u r s  w i th  
( - ) - 3 - m e th y lc y c lo p e n ta n o n e  ( 0 .0 5  m l . )  and  sodium  (0 .0 2  g . )  
a t  1 2 0 °  u n d e r  n i t r o g e n .  A f t e r  c o o l i n g  b e n z e n e  (20 m l . )  was 
a d d e d ,  f o l l o w e d  b y  d i l u t e  HC1 (4 m l . ,  6N ). The l a y e r s  were 
s e p a r a t e d ;  t h e  b e n z e n e  l a y e r  was w ash ed  w i th  w a t e r  and d r i e d  
o v e r  MgSO^. The 3 : 5 - d i n i t r o b e n z o a t e  was p r e p a r e d  from  th e  
b e n z e n e  s o l u t i o n ,  m. 9 4 .5 - 9 6 ° ,  m ixed  m e l t i n g  p o i n t  w i t h  t h e  
c i s - e s t e r  m. 1 0 1 -1 0 3 ° ,  i n d i c a t i n g  t h a t  e q u i l i b r a t i o n  gave a  
m ix tu r e  o f  i so m e rs  o f  s i m i l a r  c o m p o s i t io n  t o  t h a t  o b t a i n e d  
b y  r e d u c t i o n  o f  ( - ) - 3 - m e t h y l c y c l o p e n t a n o n e .
A t te m p te d  s e p a r a t i o n  o f  ( - ) - 5 - m e t h y l c y c l o p e n t a n o l s  b y  
c h ro m a to g ra p h y . The s e p a r a t i o n  o f  ( - ) - 3 - m e t h y l c y c l o p e n t a n o l s  
o b t a i n e d  by  c a t a l y t i c  h y d r o g e n a t io n  o f  ( - ) - 3 - m e t h y l c y c l o p e n t -
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anone o v e r  Raney N ic k e l  c a t a l y s t  was a t t e m p te d  by  c h ro m a t­
o g r a p h ic  a d s o r p t i o n  on n e u t r a l  a lu m in a  u s in g  p e t r o le u m  e t h e r  
(4 0 -6 0 )  a s  s o l v e n t  and  b e n z e n e  and b e n z e n e  c o n t a i n i n g  1% 
e t h a n o l  a s  s u c c e s s i v e  e l u a n t s .  The a t t e m p t s  w ere u n s u c c e s s ­
f u l .  S i m i l a r  a t t e m p t s  w i t h  t h e  p - n i t r o b e n z o a t e  and w i t h  th e  
3 : 5 - d i n i t r o b e n z o a t e  u s in g  p e t r o le u m  e t h e r  (6 0 -8 0 )  as  s o l v e n t  
and  p e t r o le u m  e t h e r  (6 0 -8 0 )  c o n t a i n i n g  1% e t h a n o l  a s  e l u a n t  
w ere  uns  u c c e s s f u l .
S o l v o l y s i s  o f  c i s  ( - ) ~ 5 - m e t h y lc y c lo p e n ty l ~ p - t o l u e n e s u l p h o n - 
a t e  ( 2 8 ) .  -  3 - l e t h y l c y c l o p e n t a n o l  (1 6 .0  g . )  i n  d ry  p y r i d i n e
( i6 0  m l . )  was c o o le d  t o  - 5 ° .  p - T o lu e n e s u lp h o n y l  c h l o r i d e  
( 3 0 .6  g . ,  1 .1  e q u i v s . )  was ad ded  i n  one p o r t i o n  and th e  f l a s k  
was s t o p p e r e d .  The s u s p e n s io n  was s w i r l e d  u n t i l  t h e  c h l o r i d e  
h a d  d i s s o l v e d .  The r e a c t i o n  m ix tu r e  was m a i n t a i n e d  a t  0 °  
f o r  2 h r s . ,  t h e n  w a t e r  was added  i n  p o r t i o n s  ( 1 4  2 + 4 + 8  m l . )  
a t  i n t e r v a l s  o f  5 m in s .  w i t h  s w i r l i n g  and c o o l i n g ,  t h e  te m p e r ­
a t u r e  n o t  b e in g  a l lo w e d  t o  r i s e  above 5 ° .  The s o l u t i o n  was 
d i l u t e d  w i t h  w a t e r  (160 m l . )  and  was t h e n  e x t r a c t e d  w i th  
c h lo r o f o r m  (3 x  200 m l . ) .  The c h lo r o fo r m  e x t r a c t  was w ashed 
s u c c e s s i v e l y  w i t h  i c e  c o ld  d i l u t e  s u l p h u r i c  a c i d ,  w a te r  and 
sod ium  b i c a r b o n a t e  s o l u t i o n .  The c h lo ro fo rm  e x t r a c t  was 
t h e n  d r i e d  o v e r  MgS04 ; i t  was f i l t e r e d  and e v a p o r a t e d  t o  
d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  The p r o d u c t  was r e c r y s t a l ­
l i s e d  from  p e t r o le u m  e t h e r  * Y i e l d  2 1 .0  g . ,  m. c .1 2 ° .
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The p - t o l u e n e s u l p h o n a t e  was a e e t o l y s e d  b y  s t i r r i n g  i t  
w i t h  f r e s h l y  f u s e d  p o ta s s iu m  a c e t a t e  (8 .4 5  g . ) ,  a c i d  f r e e  
a c e t i c  a n h y d r id e  (95 m l . )  an d  t o l u e n e  (100 m l . )  f o r  48 h r s .  
a t  9 0 - 1 0 0 ° .  The t o l u e n e  s o l u t i o n  was c o o le d  and n e u t r a l i s e d  
w i t h  sod ium  b i c a r b o n a t e .  I t  was d r i e d  and  d i s t i l l e d  t o  
g iv e  th e  a c e t a t e  b ^  8 4 ° ,  6 . 8  g .  The a c e t a t e  was s a p o n i f i e d  
w i t h  a l c o h o l i c  p o ta s s iu m  h y d ro x id e  a n d  th e  p r o d u c t  was s team  
d i s t i l l e d  f ro m  t h e  a l k a l i n e  s o l u t i o n .  The s te a m  d i s t i l l a t e  
was s a t u r a t e d  w i t h  p o ta s s iu m  c a r b o n a t e  and e x t r a c t e d  w i t h  
b e n z e n e .  The b e n z e n e  e x t r a c t  was d r i e d  (MgS0 4 ) and  d i s t i l l e d  
th r o u g h  a  b e a d - p a c k e d  colum n t o  rem ove b en zen e  and e t h a n o l .  
The r e s i d u e  was d i s t i l l e d  g i v i n g  ( - ) - 3 - m e t h y lc y c lo p e n ta n o l  
( 4 .1 0  g . )  b 18 6 4 . 0 - 6 4 . 5 ° .  The 3 : 5 - d i n i t r o b e n z o a t e  was p r e ­
p a r e d  -  m .9 8 . 5 - 9 9 . 6 ° ,  m ixed  m e l t i n g  p o i n t  w i th  c i s - ( ~ ) - 3 -  
m e t h y l c y c l o p e n t y l - 3 : 5 - d i n i t r o b e n z o a t e  1 0 3 -1 0 4 ° ,  i n d i c a t i n g  
t h a t  t h e  m ix tu r e  o b t a i n e d  c o n s i s t e d  c h i e f l y  o f  t h e  c i s -  
i s o m e r .
P r e p a r a t i o n  o f  5 - m e t h y l c y c l o p e n t - 2 - e n - l - o n e  ( 3 5 ) .  A c e to n y l -  
a c e to n e  (1 0 2 .5  g . )  was add ed  r a p i d l y  t o  a  b o i l i n g  s o l u t i o n  o f  
sod ium  h y d r o x id e  ( 8 .5 5  g . )  i n  w a t e r  (855 m l . ) .  A f t e r  r e -  
f l u x i n g  f o r  15 m i n s . ,  t h e  d a r k  brow n s o l u t i o n  was q u i c k l y  
c o o le d  t o  room t e m p e r a t u r e ,  s a t u r a t e d  w i t h  sodium  c h l o r i d e  
and  e x t r a c t e d  t h r e e  t im e s  w i t h  e t h e r  (500 , 250 and  250 m l . ) .  
The e x t r a c t s  w e re  w ashed w i t h  w a te r  (3 x 15 m l . ) ,  d r i e d  and
4 4
e v a p o r a t e d  down t o  remove th e  e t h e r .  On d i s t i l l a t i o n  th e  
r e s i d u a l  d a r k  b row n k e to n e  o i l  gave th e  k e to n e  (4 8 .5  g . ,  5 7 $ ) ,
2 :4 - d in i t r o p h e n y l h y d r a z o n e  m. 1 8 3 - 5 ° ,  oxime m. 1 4 0 °  (N = 1 2 .4 $ ,  
c a l c  • 12 . 6 $ ) .
H y d r o g e n a t io n  o f  5 - m e t h y l c y c l o p e n t - 2 - e n - l - o n e .
( a )  3 - M e t h y l c y c l o p e n t - 2 - e n - l - o n e  ( 1 5 .0  g . )  i n  a c e t i c
a c i d  (60 m l . )  was h y d r o g e n a te d  o v e r  p l a t i n u m  o x id e  c a t a l y s t
( 1 .0  g . ) .  A p p ro x im a te ly  3 m o le s ,  o f  h y d ro g e n  w ere  a b s o r b e d .
18M e th y lc y c lo p e n ta n e  (n ^  1 .4 0 9 6 )  was r e c o v e r e d .
(b )  3 - M e th y lc y e lo p e n t - 2 - e n ~ l - o n e  ( 1 6 .0  g . )  was h y d ro ­
g e n a t e d  o v e r  Raney N ic k e l  ( 3 .0  g . )  i n  e t h a n o l  (60 m l . ) .
2 m o le s  . o f  h y d ro g e n  w ere  ta k e n  u p . 3 -M e th y lc y c lo p e n ta n o l  
( 1 4 .2  g . )  was o b t a i n e d ;  3 : 5 - d i n i t r o b e n z o a t e  m. 9 5 .5 - 9 6 ° ,  
m ix ed  m e l t i n g  p o i n t  w i t h  c i s - ( ~  ) - 3 - m e th y lc y c lo p e tn ty l - 3  ;5 -  
d i n i t r o b e n z o a t e  m. 1 0 1 -1 0 3 ° .
( c )  3 - M e t h y l c y c l o p e n t - 2 - e n - l - o n e  ( 3 .0  g . )  was h y d ro g e n ­
a t e d  o v e r  Raney N ic k e l  c a t a l y s t  (1 g . )  i n  e t h a n o l  (40 m l . ) .  
R e a c t i o n  was s to p p e d  a f t e r  1 . 0  m o le ,  h y d ro g e n  h a d  b e e n  ta k e n  
u p .  3 - M e th y lc y c lo p e n ta n o n e  1 4 2 -1 4 3 ° ,  was o b t a i n e d ;
y i e l d  1 .5 1  g .  S em ic a rb a z o n e  m. 1 8 5 ° .
R e d u c t io n  o f  5 - m e th y lc y c lo p e n t - 2 - 6 n ~ l~ o n e  w i t h  l i t h i u m  
a lu m in iu m  h y d r i d e . When 3 - m e th y lc y c lo p e n t~ 2 - e n ~ l - o n e  was 
r e d u c e d  w i t h  e x c e s s  l i t h i u m  a lum in ium  h y d r id e  as  d e s c r i b e d  
f o r  m e th y lc y c lo p e n ta n o n e s  (p .  37 ) ,  a  b r i t t l e  p o ly m er
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(G = 8 6 .9 /c ,  H = 1 0 .7 $ )  was o b t a i n e d .  R e d u c t io n  was t h e r e ­
f o r e  c o n d u c te d  u n d e r  n e u t r a l  c o n d i t i o n s  ( 2 9 ) .  A s u s p e n s io n  
o f  l i t h i u m  a lum in ium  h y d r id e  ( 1 .5 4  g . )  i n  a n h y d ro u s  e t h e r  
(100 m l . )  was add ed  w i t h  s t i r r i n g  t o  3 - m e t h y l c y c l o p e n t - 2 - e n - l -  
one ( 1 4 .1  g . )  i n  an h y d ro u s  e t h e r  (100 m l . )  a t  -3 0 °  o v e r  a 
p e r i o d  o f  15 m i n s . The r e a c t i o n  m ix tu r e  was a l lo w e d  t o  
warm up t o  0 °  and  i c e  was ad d ed  t o  decompose t h e  l i t h i u m  
a lu m in iu m  com plex . The e t h e r  l a y e r  was s e p a r a t e d  o f f ,  w ashed  
w i t h  w a t e r  (50 m l . ) ,  d r i e d  (MgSO^.) an d  t h e  e t h e r  was rem oved
u n d e r  r e d u c e d  p r e s s u r e  . The r e s i d u a l  3 - m e th y lc y c lo p e n t -
1 8 .52 - e n - l - o l  was d i s t i l l e d  bgQ 6 6 -6 7 ,  n^ 1 .4 7 5 3 ,  y i e l d  1 0 .1  g . ,  
8 0 $ .  An a t t e m p t  t o  p r e p a r e  th e  3 : 5 - d i n i t r o b e n z o a t e  was 
u n s u c c e s s f u l .  I t  was fo u n d  t h a t  u n d e r  a c i d  c o n d i t i o n s  w a te r  
was r e a d i l y  e l i m i n a t e d  and  p o l y m e r i s a t i o n  o c c u r r e d .
H y d r o g e n a t io n  o f  3 - m e t h y l c y c l o p e n t - 2 - e n - l - o l . 3 - M e th y lc y c lo -
p e n t - 2 - e n - l - o l  ( 6 .5  g . )  i n  e t h a n o l  (60 m l . )  was h y d r o g e n a te d  
o v e r  an  a g e d  Raney N ic k e l  c a t a l y s t  ( 2 .0  g . )  w h ich  was i n ­
a c t i v e  f o r  h y d r o g e n a t io n  o f  t h e  c a rb o n y l  g r o u p .  1 m o le ,  o f  
h y d ro g e n  was a b s o r b e d .  The p r o d u c t  o f  r e d u c t i o n  - 3 - m e th y l -  
c y c l o p e n t a n o l  (5 .0 6  g . )  b 21 6 6 -6 8  -  g ave  a 3 : 5 - d i n i t r o b e n z o a t e  
m. 9 6 - 9 6 .5 ° .  The m e l t i n g  p o i n t  was n o t  lo w e re d  b y  a d d i t i o n  
o f  th e  d i n i t r o b e n z o a t e  p r e p a r e d  from  th e  p r o d u c t  o f  r e d u c t i o n  
o f  3 - m e th y lc y c lo p e n ta n o n e  w i t h  sodium  and m o is t  e t h e r .  Thus 
t h e  same iso m e r  was p ro d u c e d  b y  r e d u c t i o n  o f  3 - m e th y lc y c lo -
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p e n ta n o n e  w i th  sodium an d  m o is t  e t h e r  and "by h y d r o g e n a t io n  
o f  3 - m e t h y l c y c l o p e n t - 2 - e n - l - o l . T h i s  i so m e r  was t h e r e f o r e  
a s s i g n e d  t h e  c i s  c o n f i g u r a t i o n  ( se e  p .  i s  ) and  h as  b e e n  
d e s i g n a t e d  as  su c h  th ro u g h o u t  t h e  e x p e r im e n ta l  s e c t i o n .
P r e p a r a t i o n  o f  o ( - c h o l e s t a n - 5 - o l  ( 8 ) .  C h o le s  t a n - 3 -one
( 4 .0  g . )  was h y d r o g e n a te d  o v e r  p l a t i n u m  o x id e  c a t a l y s t  
( 1 .0  g . )  i n  a c e t i c  a c i d  (120 m l . )  c o n t a i n i n g  c o n s t a n t  b o i l ­
in g  h y d ro b ro m ic  a c i d  ( 1 .0  m l . ) .  Time r e q u i r e d  f o r  h y d ro ­
g e n a t i o n  - 2 h o u r s .  A f t e r  h y d r o g e n a t io n  h a d  b e e n  c o m p le te d ,  
t h e  a c i d  s o l u t i o n  was t r e a t e d  w i t h  NaOH (2 g . )  i n  w a te r  
(4  m l . ) ,  f i l t e r e d  and  e v a p o r a t e d  down u n d e r  r e d u c e d  p r e s s u r e .  
The r e s i d u e  was s a p o n i f i e d  w i t h  a l c o h o l i c  p o ta s s iu m  h y d ro x id e  
t o  g iv e  t h e  p r o d u c t  m. 1 7 4 -1 7 8 ° .  S u c c e s s iv e  r e c r y s t a l l i s a ­
t i o n s  f ro m  e t h a n o l  gave o ( . - c h o le s ta n ~ 3 -o l  (2 .2 1  g . ,  55$ , 
m. 1 8 4 . 5 - 1 8 6 ° ) .
P r e p a r a t i o n  o f  (3 - c h o l e s t a n - 3 - o l . C h o l e s t e r o l  ( 2 .5 0  g . )  was 
h y d r o g e n a te d  o v e r  p l a t i n u m  o x id e  c a t a l y s t  ( 1 .0  g . )  i n  a c e t i c  
a c i d  (75  m l . )  a t  6 0 ° .  Time o f  h y d r o g e n a t io n  -  1 h o u r .  The 
p r o d u c t  was s a p o n i f i e d  w i t h  a l c o h o l i c  p o ta s s iu m  h y d r o x id e ;  
r e c r y s t a l l i s a t i o n  from  e t h a n o l  gave  (3 - c h o l e s t a n - 3 - o l  (m. 
1 4 1 .5 - 1 4 3 ,  2 .0 5  g . ,  8 2 $ ) .
P r e p a r a t i o n  of  ( i ) - c i s - 2 - m e t h y l c y c l o h e x a n o l . ( - ) - 2 - m e th y l -
c y c lo h e x a n o n e  (20 g . )  i n  a c e t i c  a c i d  (120 m l . )  c o n t a i n i n g
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HBr (1 m l . ,  c o n s t a n t  b o i l i n g  aq u eo u s  s o l u t i o n )  was h y d r o ­
g e n a t e d  o v e r  Adams* p l a t i n u m  o x id e  c a t a l y s t  ( 2 . 0  g . ) .  The 
p r o d u c t  was s a p o n i f i e d  w i t h  a l c o h o l i c  p o ta s s iu m  h y d ro x id e  
s o l u t i o n .  The p r o d u c t  was s te a m  d i s t i l l e d  f rom  t h e  a l k a l i n e
s o l u t i o n .  The s te a m  d i s t i l l a t e  was s a t u r a t e d  w i t h  p o ta s s iu m
c a r b o n a t e  and  e x t r a c t e d  w i t h  e t h e r ;  t h e  e t h e r  e x t r a c t  was 
d r i e d  (MgS04 ) and d i s t i l l e d .  The f r a c t i o n  d i s t i l l i n g  
6 0 -6 5  (15 mm.) was e s t e r i f i e d  w i t h  3 : 5 - d i n i t r o b e n z o y l - c h l o r i d e . 
The 3 : 5 - d i n i t r o b e n z o a t e  was r e c r y s t a l l i s e d  from  e t h a n o l  - 
m, 1 0 2 - 1 0 4 ° .  I t  was s a p o n i f i e d  w i t h  aqueous  p o ta s s iu m  
h y d r o x id e ,  s tea m  d i s t i l l e d  and  th e  s te a m  d i s t i l l a t e  was e x ­
t r a c t e d  w i t h  e t h e r .  C i s - ( - ) - 2 - m e th y lc y c lo h e x a n o l  ( 1 3 .0  g . ,
30
^ 1 5  6 2 - 6 3 ° ,  d 4 0 .9 2 7 8 )  was o b t a i n e d  from  th e  e t h e r  e x t r a c t  
b y  d i s t i l l a t i o n .
P r e p a r a t i o n  o f  t r a n s - ( - ) - 2 - m e th y lc y c lo h e x a n o l  ( £> / ) .
( t ) - 2 - M e th y lc y c lo h e x a n o n e  ( 1 0 .0  g . )  i n  aq u eo u s  e t h a n o l  
(20  m l .  HgOiOO m l .  EtOH) was r e d u c e d  by a d d in g  sodium  w i r e  
( 1 4 .0  g . )  i n  s m a l l  p i e c e s .  More e t h a n o l  was ad d e d  t o  p r e ­
v e n t  t h e  r e a c t i o n  m ix tu re  f ro m  becom ing  p a s t y .  When th e  
sod ium  h a d  d i s s o l v e d ,  t h e  s o l u t i o n  was s te a m  d i s t i l l e d .  The 
s te a m  d i s t i l l a t e  was s a t u r a t e d  w i t h  p o t a s s iu m  c a r b o n a te  and  
e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t  was d r i e d  (MgS04 ) 
and  d i s t i l l e d .  The f r a c t i o n  b 15 60 -65  was e s t e r i f i e d  t o  th e  
3 : 5 - d i n i t r o b e n z o a t e  w h ich  a f t e r  f o u r  c r y s t a l l i s a t i o n s  from
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e t h a n o l  m e l t e d  a t  1 1 8 .5 - 1 2 0 ° .  S a p o n i f i c a t i o n  w i t h  aqueous  
p o t a s s iu m  h y d r o x id e  gave  t r a n s - ( - ) -2 - m e th y lc y c lo h e x a n o l  
( 4 .2 0  g . ,  b  1 6 4 -1 6 6 ° ,  d ^ °  0 .9 1 7 4 ) .
E q u i l i b r a t i o n  o f  cl- c h o l e s t a n - 5 - o l .
( a )  o(- C h o l e s t a n - 3 - o l  ( 0 .5  g . )  c o n t a i n i n g  c h o l e s t a n - 3 - o n e
m e l t i n g  p o i n t  o f  m ix tu r e  1 7 6 -1 8 0 .5 )  was s t i r r e d  w i t h
p l a t i n u m  o x id e  c a t a l y s t  ( 0 .5  g . ,  p r e v i o u s l y  r e d u c e d  a t  20° 
w i t h  h y d ro g e n )  i n  d i b u t y l  e t h e r  (50 m l . )  a t  6 5 °  f o r  48 h o u r s  
u n d e r  a n  a tm o sp h e re  o f  n i t r o g e n .  No e q u i l i b r a t i o n  o c c u r r e d  
s i n c e  t h e  m ix tu r e  w as r e c o v e r e d  u n ch an g ed  b y  f i l t e r i n g  o f f  
t h e  c a t a l y s t  an d  rem o v in g  th e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e .  
0 .4 7  g .  o f  m a t e r i a l  (m. 1 7 7 -1 8 0 ° )  was r e c o v e r e d .
(b )  o ( - C h o le s t a n - 3 - o l  ( 0 .5  g .  ) was s t i r r e d  w i t h  Raney 
N ic k e l  c a t a l y s t  ( 1 .0  g . )  i n  e t h a n o l  (50 m l . )  f o r  15 h o u r s  
u n d e r  a n  a tm o sp h e re  o f  h y d ro g e n .  The s o l u t i o n  was f i l t e r e d  
f r e e  o f  c a t a l y s t  and e v a p o r a t e d  down u n d e r  r e d u c e d  p r e s s u r e  
t o  g i v e  oi.- c h o l e s t a n - 3 - o l  u n ch an g ed  ( 0 .4 8  g . ,  m. 1 8 1 - 1 8 3 ° ) .  
T h i s  e x p e r im e n t  was r e p e a t e d  w i th  th e  a d d i t i o n  o f  0 .2  m o le s ,  
o f  NaOH (a s  a  ION s o l u t i o n )  t o  th e  s y s te m ;  o ( - c h o l e s t a n - 3 - o l  
(m. 1 8 0 -1 8 2 ° )  was r e c o v e r e d  i n d i c a t i n g  t h a t  l i t t l e  e q u i l i b r a ­
t i o n  h a d  o c c u r r e d .
( c )  vL- G h o i e s t a n - 3 - o l  ( 0 .5  g . ) was r e f l u x e d  w i th  Raney 
N ic k e l  c a t a l y s t  (1 g . )  i n  e t h a n o l  (50 m l . )  f o r  15 h r s .  The 
p r o d u c t  (0 .4 5  g . )  m e l t e d  a t  1 4 6 -1 4 9 ° .  I t  was r e f l u x e d  f o r
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a  f u r t h e r  20 h o u r s  w i t h  f r e s h  c a t a l y s t  (2 g . )  i n  e t h a n o l  
(50 m l . )  w i t h o u t  f u r t h e r  change i n  t h e  m e l t i n g  p o i n t .  Prom 
a  b i n a r y  m e l t i n g  p o i n t  d ia g ra m  o f  oC- and (3- c h o l e s t a n - 3 - o l s ,  
t h e  am ount o f  o ( -c h o le s  t a n - 3 - o l  i n  t h e  m ix tu r e  was e s t i m a t e d  
t o  b e  2 5 $ .  The i n f r a - r e d  a b s o r p t i o n  s p e c t ru m  o f  t h e  m ix tu re  
i n d i c a t e d  th e  a b se n c e  o f  k e to n e .  C h ro m a to g ra p h ic  a n a l y s i s  
( O  ) ,  o f  t h e  m ix tu re  ( 0 .4 0  g . )  u s in g  a l k a l i  f r e e  a lu m in a  
(12 g . )  and  b e n z e n e  a s  s o l v e n t  and  b en zen e  + 1 $  e t h a n o l  a s  
e l u a n t  g ave  0 .0 8 2  g .  o f  o ( - c h o l e s t a n - 3 - o l  i n d i c a t i n g  t h a t  t h e  
m i x t u r e  c o n t a i n e d  20$  o f  t h e  pC-isomer.
E q u i l i b r a t i o n  o f  (3 - c h o l e s t a n - 5 - o l . (3 - c h o l e s t a n - 3 - o l
(0*5 g . )  was r e f l u x e d  w i t h  Raney N ic k e l  c a t a l y s t  (2 g . )  i n  
e t h a n o l  (50 m l . )  f o r  20 h r s .  The p r o d u c t  a f t e r  r e c o v e r y  had  
a  m e l t i n g  p o i n t  1 4 5 -7 °  w h ic h  was unchanged  a f t e r  r e p e t i t i o n  
o f  t h e  e x p e r im e n t  w i t h  f r e s h  c a t a l y s t .  T h is  c o r re s p o n d e d  
t o  2 2 $  o f  o ( . - c h o le s t a n - 3 - o l  i n  t h e  m i x t u r e .  C h ro m a to g ra p h ic  
s e p a r a t i o n  o f  t h e  m ix tu r e  i n d i c a t e d  t h a t  o ( - c h o l e s t a n - 3 - o l  
was p r e s e n t  t o  t h e  e x t e n t  o f  18$ .
E q u i l i b r a t i o n  o f  c i s - ( - ) - 2 - m e t h y l c y c l o h e x a n o l .
( a )  C i s - ( - ) - 2 - m e t h y l c y c l o h e x a n o l  ( 5 .0  g . , d | °  0 .9 2 7 8 )  was 
s t i r r e d  w i t h  Raney N ic k e l  c a t a l y s t  (2 g . )  i n  e t h a n o l  (30 m l)  
u n d e r  a n  a tm o sp h e re  o f  h y d ro g e n  f o r  7 h r s .  The e t h a n o l  
s o l u t i o n  was f i l t e r e d  f r e e  o f  c a t a l y s t  an d  t h e  m e th y lc y c lo -  




Y i e l d  4 .1 5  g . ,  0 .9 2 7 4 .  The r e s u l t  i n d i c a t e d  t h a t  l i t t l e
e q u i l i b r a t i o n  h a d  o c c u r r e d .
(b ) C i s - ( - ) -2 ~ m e th y lc y c lo h e x a n o l  ( 5 .0  g . )  was s t i r r e d  
w i t h  A dam s’ p l a t i n u m  o x id e  c a t a l y s t  ( 1 .0  g . )  i n  d i b u t y l  
e t h e r  (70  m l . )  u n d e r  a n  a tm o sp h e re  o f  h y d ro g en  a t  7 0 °  f o r  
7 h r s .  The c i s - i s o m e r  was r e c o v e r e d  u n ch an g ed  (4 .0 2  g . ,
( c )  C i s - ( - ) - 2 - m e t h y l c y c l o h e x a n o l  ( 5 .0  g . )  i n  e t h a n o l
(100  m l . )  was r e f l u x e d  o v er  Haney N ic k e l  (5 g . )  f o r  16 h r s .
The m e th y lc y c lo h e x a n o l  was r e c o v e r e d  i n  t h e  u s u a l  way 
30( 3 .7 0  g . ,  d^ 0 .9 1 9 0 ,  15$ c i s ) .  F u r t h e r  r e f l u x  f o r  16 h r s .  
w i t h  Raney N ic k e l  (3 g . ) i n  e t h a n o l  (100 m l . )  gave  upon r e ­
c o v e ry  o f  t h e  2 - m e th y l c y c lo h e x a n o l , 2 .3 6  g .  d®^ 0 .9 1 8 9 ,  
c o r r e s p o n d in g  t o  a  m ix tu r e  c o n t a i n i n g  1 4 $  o f  c i s  i so m e r .
(d )  C i s - ( - ) - 2 - m e th y lc y c lo h e x a n o l  ( 5 .0  g . )  was s t i r r e d  
u n d e r  a n  a tm o sp h e re  o f  h y d ro g en  f o r  7 h r s .  w i t h  Raney N ic k e l  
c a t a l y s t  ( 2 . 0  g . )  f rom  w h ic h  t h e  e t h a n o l  had  b e e n  d e c a n te d .
The c a t a l y s t  was f i l t e r e d  o f f  and  w ashed  w i th  e t h a n o l .
2 - M e th y lc y c lo h e x a n o l  was r e c o v e r e d  from  th e  f i l t r a t e .  Y ie ld
- 30 tsf3 .8 5  g . ,  d  0 .9 2 3 9 ,  c o r r e s p o n d in g  t o  a  m ix tu r e  c o n t a i n i n g  53$
TC
o f  c i s  i s o m e r .
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